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 ABSTRACT 
There is ample evidence to show that any lead in the atmosphere affects human beings to some 
degree. Consequently, the use of leaded fuel was been banned for use in motor vehicles in 1996. 
However, leaded aviation fuel is still used for piston engine aircraft and is now the largest 
contributor of lead to the atmosphere in the USA; data for Australia are not available. There have 
been a few studies on the concentrations of lead in the atmosphere near airports in the USA, but 
none have been conducted in Australia.  This is the first study to do so. Moorabbin Airport was 
selected for the study as it is one of the busiest airports of its type in the Southern Hemisphere, with 
between 200, 000 and 300,000 aircraft movements a year, with most of those being piston engine 
aircraft using leaded aviation fuel. 
This study compared the concentration of lead in the atmosphere around Moorabbin Airport with 2 
other sites in Melbourne with no known sources of lead emissions close by. The three sites selected 
for this study were Moorabbin Airport, Footscray and Alphington; each site was chosen because it 
represented a different environment from the others, and combined, they formed a representative 
cross-section of Melbourne based on their location to sources of lead. 
Samples were collected on quartz filter papers using a PM10 head mounted on a high volume 
sampler at these three sites, on a six day interval. The filters were digested in 3 M nitric acid to 
extract the lead, and the extract was analyzed using ICP-MS. The concentration of lead from the 
sampling done at Moorabbin Airport was also compared with the predicted concentrations from the 
output of modelling programs: HYSPLIT (dispersion modelling) and AERMOD. 
It was observed that the average lead concentration at Moorabbin Airport (0.006 µg/m3) was six 
times higher than the average at the other two sites at Footscray (0.001 µg/m3) and Alphington 
(0.001 µg/m3). The highest lead concentration observed at Moorabbin Airport was six and twelve 
times higher than at Footscray and Alphington, respectively, while the lowest lead concentration 
measured at Moorabbin Airport was similar to the other two sites. However, the results are based 
on only 7 samples, since the management of Moorabbin Airport, did not want the project to 
continue on their site. Nevertheless, despite the small number of samples, it was observed from the 
wind trajectory and wind rose modelling for Moorabbin Airport, that the days when higher 
concentrations of lead were collected, were the days when the air movement was from the airport 
runways towards the location of the sampler. Also, six out of the seven concentration values of the 
Hi Vol sampling and the AERMOD Modelling estimates were similar. 
Based on these findings, it was concluded that the higher concentrations of lead at Moorabbin 
Airport were a result of the leaded aviation fuel used in piston-engine aircraft. However, they are 
well below the current the Australian NEPM and US Environmental Protection Agency permissible 
limits of 0.15 µg/m3 and 0.50 µg/m3 of air for three months rolling average, respectively. The 
samples from Moorabbin Airport were also collected within a few hundred meters of the runway, so 
it was expected that the concentrations would be elevated. Modelling data indicated that the 
concentrations in the residential areas on the sampling days should have been close to background 
levels. Nevertheless, if piston engine aircraft continue to use leaded aviation fuel, it is recommended 
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 that periodic monitoring for lead should be carried out at Moorabbin Airport, particularly in the light 
of plans to significantly increase the capacity of the airport.  
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 Chapter 1 Introduction 
1.1 Background to the Problem 
The importance of preserving the quality of our atmosphere has been highly publicized in recent 
years and the study of environmental pollution, especially effects of pollution on air, water and soil 
has increased vastly. Over the last three decades, there has been increasing global concern over the 
public health impacts attributed to environmental pollution, in particular, the global burden of 
disease (Briggs, 2003). The World Health Organization (WHO) estimates that about a quarter of the 
diseases facing mankind today occur due to prolonged exposure to environmental pollution  (WHO, 
2016). Most of these environment-related diseases are however, not easily detected and may be 
acquired during childhood and manifested later in adulthood (Jennrich, 2012).  In considering the 
term environmental pollution, one must assume that there exist normal or natural background levels 
of contaminants in the atmosphere, and those levels of contaminants greater than this background 
level have been introduced into the atmosphere by human activity, thus producing a polluted 
environment.  The Industrial Revolution gave rise to an increased amount of lead in the atmosphere 
and even more so around 1920 when the leaded gasoline was introduced (O'Brien, 2011). Leaded 
gasoline is now banned in approximately 90% of countries; however, it is still found in some South 
East Asian and African countries posing environmental risk, especially for children (Morrison & 
Murphy, 2010). In developed countries, even though the law more or less efficiently controls the 
emissions today, soil in the industrial areas is already polluted (WHO, 2016). Lead in air can be 
deposited on soil and water, which in turn makes it easy for it to reach the food chain, drinking 
water and house dust (Ray, Khillare & Kim, 2012). 
There is no known concentration of lead in the body that is considered normal or safe. When lead is 
absorbed by the body, more than 95% of it is stored in the bone which acts as storage, providing an 
uninterrupted transport to and from soft tissue. Lead circulates in the blood with a half-life of one 
month, 1-1.5 months in soft tissue, and about 25-30 years in bone (ASTDR, 2007).  
Lead has been confirmed as toxic because of its risk of permanent brain damage in children. The 
physical and mental disorders caused by lead can be serious, and this damage to the brain by lead 
absorption in children can be observed in lead blood levels which are as low as 2 µg/dL (Gilbert & 
Weiss, 2006). In 2014, The Centers for Disease Control and Prevention replaced the 10 µg/dL as a 
level of concern with 5 µg/dL as a reference value to identify children with above average levels of 
lead (Centers for Disease Control and Prevention, 2014). 
Acute poisoning may cause instant pain, shock, damage to the kidneys, anaemia, nervousness, 
permanent brain damage and even death (Di Lorenzo et al., 2006). Extended contact with high levels 
of lead may cause serious brain and kidney damage as well as damage to blood forming systems, 
while extended contact to low levels may cause poor intelligence, reduced attention span as well as 
abnormal behaviour (Gilbert & Weiss, 2006). Children are more affected by the effects of lead than 
adults because their brains and nervous systems are not fully developed and the barrier between 
their brain and blood are incomplete (Cañas et al., 2014).  Public health studies show that high levels 
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 of lead in the blood of infants and early childhood may be manifested when they grow up, affecting 
their concentration, ability to read and even inability to perform well and graduate from high 
school(Brink et al., 2013; WHO, 2010).  Nevin (2007) has even linked criminal behaviour in the USA 
with childhood exposure to lead.  Several studies have been conducted since which appear to 
corroborate Nevin’s work; these have been reviewed by  Hall (2013). More recently, Taylor et al. 
(2016), conducted studies in Australia and found a similar association. 
While lead fuel is now banned from vehicles in both the USA and Australia, it is still allowed for 
piston engine aircraft. The United States National Emission Inventory, calculated that in 2005, 
aircraft accounted for about 50% of total lead emissions which was expected to rise (U.S.EPA, 2008). 
Since then, there have been a small number of studies, all in the USA, monitoring lead near airports 
with high piston engine aircraft traffic. These (which will be discussed in more detail in Section 2.14) 
were at Santa Monica airport (Carr et al., 2011; U.S.EPA, 2010) and Van Nuys Airport (Fine, 2007)  
both in California United States, Toronto-Buttonville airport in Canada (Environment Canada, 2000) 
and Chicago (IL) O’Hare airport, (Springfield, 2012). Because of the risk of lead poisoning from avgas, 
environmental groups pressured the U.S Environmental Protection Agency to take action to reduce 
lead emissions from aviation fuel. One environmental group, Friends of the Earth, petitioned the U.S. 
EPA to find endangerment from, and regulate leaded aviation fuel (Miranda, Anthopolos & Hastings, 
2011).   
The above studies represent the extent of the research conducted to date for lead emissions from 
piston-engine aircraft operating on leaded aviation fuel. There is no reported literature for airports 
in Australia, despite there being a number of airports in Australia from which piston-engine aircraft 
operate. One of these, which is the subject of this thesis, is Moorabbin Airport in Melbourne, 
Victoria, sited within the Port Philip Airshed. Moorabbin Airport is one the busiest airports in 
Australia with between 200,000 and 300,000 aircraft movements per year (Moorabbin Airport 
Community Consultation Group, 2015), most of which are from piston engine aircraft. The National  
Pollutant Inventory of Australia estimated that about 3600 kg of lead and its compounds were 
released in 2013/14 from aircraft, with 160 kg attributed to the Port Philip Airshed (National 
Pollution Inventory, 2015). However, the calculations were based on the 2003 manual for calculating 
emissions from aircraft (National Pollution Inventory, 2003), in which no data from piston operated 
aircraft were included.   
1.2 Objectives of the Study 
The aim of this project was to determine if the concentration of lead in the air around Moorabbin 
Airport, where leaded aviation fuel is used by piston engine aircraft, is above the National 
Environmental Protection Measure (NEPM)  for Ambient Air Quality guidelines for lead in air 
(Australian Government, 2014). PM10 was chosen as the particulate fraction to collect, as this is the 
current EPA standard for particulates collected by high volume samplers, enabling a comparison with 
two other EPA monitoring sites for controls. Although the NEPM guidelines specify the collection of 
Total Suspended Particulates (TSP), the evidence from a number of studies conducted between 1968 
and 2010 is that the ratio of lead on PM10/TSP is between 0.66 and 0.93 (Cho et al., 2011). The ratio 
was over 0.9 when studies were conducted in areas with high levels of vehicle emissions when 
leaded fuel was still used. So the use of PM10 should be a reasonable estimate of lead on TSP.  
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The specific objectives of this study were to: 
1. compare the  concentration of lead collected on PM10 in the atmosphere at Moorabbin Airport 
with that collected at 2 distant EPA monitoring stations with no known emitters of lead (Alphington 
and Footscray)  
2. compare the fraction of lead on the  suspended particulate matter (PM10) at Moorabbin Airport 
with that of  the two EPA Victoria monitoring sites (Alphington and Footscray)   
3. determine if the total amount of lead emitted at Moorabbin Airport by aircraft that operate on 
leaded aviation fuel is above the level of investigation of 1000 kg of lead as  specified by the  U.S. 
EPA (U.S.EPA, 2008 ) and Australia’s NEPM for lead in air (Australian Government, 2014). 
4. use AERMOD and HYSPLIT dispersion modelling to determine how the concentration of lead on 
particulate matter is likely to be dispersed on the sampling days. 
 
1.3 Rationale for the Study: Forecast on Future Use of Leaded Aviation Fuel 
In 2008, the Federal Airports Authority (FAA) forecast that hours flown by piston engine aircraft and 
avgas consumption for 2009-2025 was expected to increase at the rate of 0.5% yearly, with the 
number of aircraft rising from 144,220 in 2008 to 157,400 in 2025 (U.S.EPA, 2008 ). An estimated 
doubling of piston engine helicopters is expected with their numbers rising from 3,970 in 2008 to 
8,295 in 2025. It also expected that there will be a decrease in flight hours by twin engine piston 
aircraft by 1.5% with increase of 3.9% for rotorcraft. The increase in the number of piston engine 
aircraft as well as hours flown will also increase the use of leaded aviation fuel (avgas). The Federal 
Airports Authority predicts that there would be no change in the quantity of avgas consumed by 
single engine aircraft in USA and a 1.9% reduction in avgas used by multi-engine aircraft. It predicted 
a 1.8% yearly increase in the quantity of avgas for piston engine helicopters from 13 million gallons 
to 24 million gallons in 2025. It also estimated that the quantity of avgas that will be used by 2025 to 
be 348 million gallons (General Aviation Manufacturers Association, 2011; U.S.EPA, 2008).  
In Australia, there are anticipated increases in the number of flights of piston engine aircraft and this 
will undoubtedly lead to an increase in the quantity of avgas that will be used and the quantity of 
lead that will be released into the air. In 2014 about 16.9 mega litres of avgas was sold in Australia 
(Bureau of Infrastructure and Regional Development, 2015).  At an average concentration of 0.56 g 
Pb/L , this is equivalent to 9.5 tonnes of Pb, which is significantly higher than the 3.6 tonnes 
estimated by the NPI, cited above. 
 
1.4 Scope of the Study 
This study examines lead emissions within Moorabbin Airport as well as Environmental Protection 
Agency of Victoria monitoring sites at Footscray and Alphington. These two sites are located at the 
3 
 
 
 west and north and distant from Moorabbin Airport and do not have any high value known source of 
lead. The Alphington monitoring site is close to a railway line, while the Footscray monitoring site is 
located in a park. These are shown on the map below, Figure 1-1 Map of Melbourne showing 
Moorabbin Airport (1), Footscray (2) and Alphington (3)Figure 1-1 
 
Figure 1-1 Map of Melbourne showing Moorabbin Airport (1), Footscray (2) and Alphington (3) 
Moorabbin Airport is 22.22 km south-east of the city of Melbourne. A significant group of factory 
warehouses is located on the NE boundary of the aerodrome. It is surrounded by urban and light 
industrial areas and is bounded by Centre Dandenong Road to the north, Boundary Road to the east, 
Lower Dandenong Road to the south and Grange Road and Bundoora Parade to the west. 
Moorabbin Airport has two parallel runway complexes in the 13/31 and 17/35 directions and a 
single runway 04/22. The longest runway is 17L/35R at 1,335 metres. 
Moorabbin Airport was opened for business on 5th December, 1949 and by 2009 was the third 
busiest airport in Australia, behind Jandakot (YPJT) in Perth and Bankstown (YSBK) in Sydney. It had 
242,542 aircraft movements in 2015 (Air Services Australia, 2016), with an anticipated 500,000 
movements in the next few years (Moorabbin Airport Corporation, 2015). 
This airport is situated about 5 km inland from the eastern shore of Port Phillip Bay, in a generally 
flat and low lying area. With Moorabbin so close to the sea, the airport is susceptible to strong 
westerly and south westerly surface winds. This is particularly so with strong frontal passages. East 
to southeast winds also affects Moorabbin through the Latrobe valley, Gippsland (south east of 
Moorabbin) producing fresh winds. Northerlies are quite common, particularly in winter, and can be 
strong at Moorabbin Airport. 
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 1.5 Hypotheses 
HO1: There is no relationship between aviation fuel used by fixed wing aircraft and helicopters with 
lead levels in the local airshed of Moorabbin Airport. 
HO2:  The concentration of lead in the environment does not depend on the wind direction from the 
source of lead emission. 
1.6 Significance of the Study 
The findings of this study will benefit society in general, considering the fact that lead has adverse 
effect on humans and the environment but it is still used in aviation fuel by piston engine aircraft.  
It will be of considerable interest to people living in suburbs close to the airport such as in Dingley 
Village, Mordialloc, Cheltenham and Mentone, because of the potential exposure to emissions of 
lead from leaded aviation fuel used by piston engine aircraft at the airport. 
For researchers, it will provide some initial data and be the basis for further research as it is the first 
study in Australia to examine the contribution of lead to the atmosphere from piston engine aircraft 
using leaded fuel. 
 
1.7 Limitations of the Study 
This project was limited by a number of extraneous variables which were beyond the control of the 
researcher. 
The EPA had intended to provide support in terms of sampling equipment and sites, but the Morwell 
coal fire happened at the time this project was being set up, which tied up all their available 
resources and staff. That meant we had to purchase equipment and find locations ourselves. There 
were a number of obstacles to finding an appropriate site but eventually, permission from both the 
Bureau of Meteorology (BOM) and Moorabbin Airport was granted for the use of the BOM site 
within the confines of Moorabbin Airport. Unfortunately, the management staff of Moorabbin 
Airport revoked their permission shortly after the commencement of sampling. This thesis can only 
report on the seven samples obtained between December 2014 and January 2015. 
 
 
 
5 
 
 
 Chapter 2 Literature Review 
2.0 Introduction  
Lead is found all over the world. Though elemental lead is rare, it exists in ores in form of galena 
(lead sulphide, PbS), anglesite (lead sulphate, PbSO4), cerrusite (lead carbonate PbCO3), lead oxide( 
Pb3O4)  and others; of all these, PbS is the most common (Morrison & Murphy, 2010) . Its abundance 
in the Earth’s crust is about 14 ppm (Chemicool, 2012) 
It can also be found in combination with other metals such as zinc, iron, and cadmium.  In the Earth’s 
crust, it exists separately as a mineral or in combination with other metals (Nriagu, 1998). Minerals 
such as those formed by potassium, barium, strontium, calcium as well as sodium, have a strong 
affinity for lead, this explains why granitic rocks usually have lead levels that are higher than basaltic 
ones (Morrison & Murphy, 2010).  According to Harrison and Laxen (2012) lead ranks about 36th in 
natural abundance and is the most abundant of the heavy elements with atomic number >60. 
Lead which is found in flowing water has been identified as coming from chemical weathering, 
deposition from the atmosphere and discharges from industrial waste. However, most of the lead in 
natural waters is adsorbed onto particulate matter; this adsorption decreases when the pH of the 
water decreases (Nriagu, 1998). 
Lead enters the environment during mining, production processes of roasting and refining, as well as 
from the use of commodities that contain lead such as batteries, ceramics, glasses, plastics, 
pigments, tetra methyl lead and anti-knocking agents. When lead in the atmosphere is measured, 
contribution from man-made sources is more than that from natural sources in the ratio of about 
2:1. Lead levels in surface water, air, and soil increase with atmospheric transport and deposition of 
airborne lead (Aucott & Caldarelli, 2012). When released from leaded fuel, it is released in the form 
of very fine particulates (<0.5 µm) as PbBrCl. Over a period of a day, most of the chlorine and 
bromine is released, leaving behind carbonates, oxycarbonates and sulphates of Pb (Haar & Bayard, 
1971).  
2.1 Types of Lead Ore Deposits 
Lead deposits occur in two stages namely, leaching and transportation. This process, which is 
described as ‘hydrothermal’, involves extraction of metals in the Earth’s crust by aqueous fluids that 
are hot and saline in nature, followed by transportation to the site for deposition. The most common 
lead ore deposits are in that form with zinc, while it rarely forms ore with iron and copper. Cooling, 
pH change and mixing with other fluids are all processes that precipitate lead compounds from their 
metallic ore fluids. The metals are precipitated in the form of sulphide minerals such as PbS ( 87 wt 
% Pb), ZnS, FeS, and CuFeS2. (Morrison & Murphy, 2010) 
Of all these, PbS known as galena, is the most common ore mineral  which is seen in hydrothermal 
deposits in three geological environments (Morrison & Murphy, 2010). These three geological 
environment are Basinal hydrothermal systems, volcanogenic massive sulphide VMS and Skarn and 
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 chimney- manto deposits. The basinal hydrothermal systems are the most prominent and include 
the Mississippi valley-type ( MVT) and sedimentary  exhalative (SEDEX) deposit. The MVT deposit is 
mainly PbS; ZnS and other minerals fill cracks and pores in limestone and dolomite. They are formed 
when tectonic related forces expel highly saline metal sulphide fluid from their sedimentary basins 
into surrounding carbonate platforms . 
The sedimentary exhalative ( SEDEX) deposits have three layers of sulphides namely, lead, zinc and 
iron which are formed as a result of sedimentary processes in sedimentary basins. The largest SEDEX 
deposits are in Mt Isa, Broken Hill and Mc Arthur in Australia and Sullivan in British Columbia. 
Volcanogenic massive sulphide (VMS) are the most common base metal deposits in the world, 
mainly found in continents and island arcs made up of lead and zinc. Their formation is volcanic and 
associated with volcanic rocks where they are found. They are found in the Kuroko district of Japan 
(Kesler et al., 1994). They have been identified in rocks that are 3.5 billion year old and can be seen 
to have formed on sea beds in many parts of the World (Morrison & Murphy, 2010). According to 
Morrison and Murphy (2010) lead and zinc of this type are found in large vein deposits at Keno hill in 
the Yukon, Coever d’Alene I Idaho, Hildalgo del Parrel in Mexico and Casapalca in Peru, all of which 
have important amounts of the co-product silver. 
Skarn and Chimney-Manto deposits form where the rock consists mainly of carbonate rather than 
clastic sediment. They are mainly of magmatic origin like granite plutons where initially the 
temperature is high  (Kesler et al., 1994). Generally, Skarn and Manto deposits are alike, the only 
difference is that Manto deposits are formed where there are lower ore fluid temperatures. They 
are best developed in Mexico, Honduras and Peru (Morrison & Murphy, 2010). 
2.2 Chemical Properties of Lead 
Lead is one of the first known metals; its Latin name is Plumbum from where its chemical symbol Pb 
comes. It is a dense, bluish-grey metal with atomic number of 82 in the periodic table. It is in group 
14 (or IV a). 
It is soft malleable and ductile; it is not a good conductor of electricity and the tensile strength is 
low. Lead has a bright silvery glow surface when cut, but quickly turns a dull bluish grey, due to 
oxidation. Its melting and boiling points are 328 oC and1740 oC, respectively, while its specific gravity  
is 11.34. The atomic weight of lead is 207.20 a.u. The most common oxidation state is +2; this is 
because even though it has four valence electrons in its outer shell, it loses only two of them readily. 
Lead does not corrode because it forms compounds that do not dissolve, like oxides, sulphates and 
oxycarbonates, as a protective thin layer. 
2.3 How the Standard for Lead (air, blood, soil and water) is controlled 
According to the World Health Organization (WHO, 2016), there is no safe limit for lead; as a result 
of this, regulations and guidelines which control exposure to lead differ between countries as well as 
within government and international agencies. While some regulatory or advisory groups seem to 
reflect older scientific evidence, others are based on more recent data which shows toxicity of lead 
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 at levels that were considered safe in the past. These standards are reduced as more of lead’s toxic 
potential is made evident.  
There are standards, regulations and guidelines on the level of lead from organisations such as EPA, 
OECD as well as the International Lead and Zinc Study Group (ILZSG); these guidelines are with 
respect to lead levels in the blood, air, water and soil. 
2.4 Lead in Blood 
The level of lead in the blood is used to determine the extent of exposure; what this means is that 
the lead blood levels of people living in particular area, can be used to estimate the level of exposure 
in toxicity studies. To assess the potential effect of lead in an environment, lead measured in air, soil 
and water is usually compared to the blood lead levels (Zahran et al., 2013). 
The lead blood levels set by the World Health Organisation (WHO) in 1980 was 40 µg/dL for the 
entire population and 30 µg/dL in adult women; standards that followed this have centred on 
maintaining the lead blood level of most people below 20 µg/dL. However, the current limit 
recommended by the WHO is less than 10 µg/dL (Laws, 2012). 
From 1993 to 2005, the NHMRC has suggested Australians should aim at blood lead concentrations 
less than 10 µg/dL; this does not mean that the 10 µg/dL is either a ‘safe’ level or a ‘level of concern’ 
(Mackay et al., 2013).  However, a recent statement by NHMRC titled: Evidence on the Effect of Lead 
on Human Health, (NHMRC, 2015) said that the average blood lead levels of Australians is now less 
than 5 µg/dL and is expected to decrease further with the reduction of lead in the environment. 
Therefore,  5 µg/dL is considered to be the average background blood lead level exposure in 
Australia.  A blood level higher than this indicates that the person has been exposed to, or is being 
exposed to lead, that is considered to be above average and the source of exposure should be 
investigated and reduced, especially if the person is a child or pregnant woman (NHMRC, 2015). 
2.5 Lead in Air 
WHO proposed that for long term exposure, if the background air concentration of lead per cubic 
meter of air is between 0.5-1.0 µg/m3, then about 98% will not have a lead blood level that is more 
than 20 µg/dL.  An increase in lead concentration in air by 1 µg/m3 increases the blood lead level in 
children by 1.9 µg/dL and by 1.6 µg/dL for an adult (UNEP, 2010). On 26 June 1998, the National 
Environment Protection Council (NEPC) made Australia’s first national ambient air quality standards 
as part of the National Environmental Protection Measure for Ambient Air Quality (the ‘Air NEPM’). 
This standard specified a maximum ambient concentration of 0.50 µg/m3 of lead over an average 
period of one year measured in total suspended particulate (TSP) (Australian Government, 2014; 
U.S.EPA, 2015). 
2.6 Lead in Drinking Water 
In 1984, the WHO set a drinking water standard of 50 µg/L. In 1993, this target was changed to 10 
µg/L to be met in 15 years, with an interim five-year goal of 25 µg/L (WHO, 2011). Under the 
Australian Drinking Water Guideline 2011, a health guideline value of 10 µg/L for lead was set to 
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 reduce the risk level for young children, infants and pregnant women, which are the groups most at 
risk (NHMRC, 2011).  
2.7 Lead in Soil and Dust 
Many countries have set limits to the level of lead in soil under various types and there have been 
standards set for lead content in sewage sludge when applied to soils (e.g. as fertilizer). A number of 
countries, including Australia, have set an investigation level of 300 mg/kg for soil itself,  while the 
European Union set a limit of between 1000-1750 mg/kg for sludge applied to land (UNEP, 2010). In 
Australia, the National  Environmental Protection and Management (NEPM) soil action level for lead 
of 300 mg/kg is set for residential areas (ESDAT, 2010). However, it is not so easy to set a standard 
for soil as for water and air, because of differences in soil characteristics such as pH or organic 
material content 
2.8 Effects of Lead Exposure from Industrial Uses 
Lead has a variety of industrial and non-industrial applications because of its mechanical and 
electrochemical properties, as well as low cost. The most common effect of lead is with respect to 
public health. For example, in the United States, prior to 1950, children were poisoned from the 
exposure to lead dust from decaying paints that contained a significant concentration of lead; this 
was most common in lower income urban populations (Kessler, 2014). In Australia, within the same 
period of time, paints contained about 50% lead. Old paints were discovered to be sources of severe 
lead poisoning that were reported in New South Wales. The lead in these old paints was released 
during renovations (UNEP, 2010). According to Gottesfeld, Pokhrel and Pokhrel (2014), construction 
workers can be exposed to lead when they disturb lead paint during renovation and surface 
preparation for painting. They further stated that this process can lead to contamination of dusts 
with lead in homes. In Canada, the paint industry stopped using lead in the manufacture of house 
paints in 1991 (UNEP, 2010). In France from1987 to 1991 research showed  that  about 35 percent of 
reserved and 59 % of general areas in a  northern district  of Paris had lead levels greater than 1 µg 
/m3 (UNEP, 2010). The use of lead based paint is not restricted to developed nations, in countries 
such as Chile, India, Israel, and Mexico there have been significant reports of lead based paint 
poisoning in the past (Kessler, 2014). 
Another known means of lead exposure is leaching from plumbing materials that were used in solder 
for joining pipes. Lead is also used in producing some plumbing accessories and has been used in 
various places for supply lines that connect water mains to buildings. Lead plumbing increases its 
concentration in drinking water when the pH of the water turns acidic or when there is a decrease in 
mineral composition prompting many countries to institute regulations to reduce these exposures 
(UNEP, 2010).  
 
A common source of lead poisoning in some localities is from industrial activities as a result of 
inadequate environmental control or industrial hygiene. These activities affect mainly those who live 
in close proximity to the industries. Both heavy industries and home workshops have been 
associated with cases of increase in lead poisoning (WHO, 2016).  
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 Operations in some industries involve large quantities of lead. These include mining of lead, small 
and big lead smelters that derive lead from ore as well as recover it from recycled industrial 
materials, battery manufacturing or recycling operations (Mackay et al., 2013; Taylor et al., 2014). 
Industries that recover lead from manufactured goods such as battery breaking operations and 
smelters are also sources of lead pollution, but for the reason that they are usually small operations 
and located in residential populations they are less likely to be subjected to effective control (UNEP, 
2010).  
Many industrial operations which are small scale and have activities that are widely dispersed may 
also be a major source of lead poisoning; examples include  welding and soldering, printing 
operations (lead is used in manufacturing some ink), jewellery manufacture (they use lead to extract 
some precious metals from waste), ceramics and papier–mache ( glazes and finishes often have 
lead) (Tiffany-Castiglioni, Barhoumi & Mouneimne, 2012).  
  
2.8.1 Effects of Lead Contaminated Industrial and Consumer Products. 
Many consumer goods in various parts of the world have been reported as having an elevated lead 
level which leads to an increase lead poisoning (Povey, 2010; UNEP, 2010). The risk of exposure 
depends on how often and the way these products are used. Some of these products include the 
lead solder used to seal the seams of can which leaches into foods (particularly acidic foods). In 
some countries the use of lead solder is banned, while others use coatings to avoid leaching (UNEP, 
2010). The degree of exposure from these sources varies greatly.  In Thailand, significant levels of 
lead have been analyzed in food, although the contamination process was not confirmed (Meepun, 
2014). The lead in traditional coating for ceramics which often have a high lead concentration can 
leach into acidic foods (Goyer, 1993).  
Lead poisoning has also been reported in flour mills; for example, when repairing metal parts such as 
bearings, lead can contaminate flour through this process (UNEP, 2010; WHO, 2016). Lead poisoning 
has also been reported through traditional medicines and food preparation practices; these include 
some eye make-up such as kohl, tiro or surma that substitute lead for antimony to reduce cost. Lead 
contamination of kohl has been reported in some products from Morocco, Mauritania, Pakistan, 
Saudi Arabia, UK, USA and India (UNEP, 2010). 
Consumer products, may lead to significant lead exposure depending on their methods of 
production and usage. In India for example, an increase in lead concentrations has been reported in 
both cigarettes and tea (UNEP, 2010). Despite the wide attention that lead poisoning has received, 
informed enlightenment on lead exposure worldwide is limited because only a small number of 
countries that belong to the United Nations reports lead exposure on a regular basis. 
2.9 Air Contamination 
2.9.1 Lead in Gasoline 
In the initial stage of gasoline engine development, engineers noted that the compression ratio of an 
engine has an effect on the power, efficiency and economy of the fuel (De Oliveira & Rocha, 2011). 
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 They also discovered that increasing the compression ratio also resulted in knocking or pre-ignition. 
This not only leads to an appreciable loss of power but also damages the engine. 
To solve this problem, engineers added a variety of compounds to the fuel to prevent engine 
knocking (Kessler, 2013). Out of the compounds tested, tetraethyl lead was found to be a cheap 
means of increasing gasoline octane rating (which is a measure of the ability of fuel to withstand 
knocking when tested in a standard test engine). Despite the many significant cases of poisoning 
highlighting the danger of the additive, it was widely used in gasoline supply (DeMik et al., 2012). 
Although the main aim of adding lead to fuel was to increase its octane rating, it was found that lead 
also provides lubrication to the valve that mixes air and fuel in the engine and removes the gas 
(DeMik et al., 2012). With the wide availability of leaded gasoline, engine designers had the option 
of using low quality metals in valves and cylinder heads that hold them, and using lead as lubricants 
to prevent wear. 
The regular use of lead in gasoline ensured that a cheap method of increasing the gasoline octane 
rating was achieved and the desire of automobile engine designers to make available gasoline which 
provided valve lubrication was attained. 
2.9.2 Air Emission Statistics for Lead 
There are many published data on lead emissions to air; the Core Inventory Air (CORINAIR) published 
data in 1985 showing that out of 85,500 tonnes of lead that was found in air in Europe, 64,000 
tonnes representing 75% was from gasoline combustion, followed by the non-ferrous metal industry 
with 13,000 tonnes. In 1990, the total lead emission to the air in Europe was between, 32,000 to 
54,000 tonnes, which shows a decline from 1985 as a result of decrease in consumption of leaded 
gasoline(WHO, 2000). By 2010, the total lead emissions was 8% of the total lead emissions in 1990 
(UNEP, 2010). 
It is important to bear in mind that although leaded gasoline discharges lead into the air, it does not 
however remain there permanently, but forms a major source of soil and water lead contamination. 
This may also increase lead exposures through food as well as by ingestion of contaminated dust 
(ASTDR, 2007).  
In places where there is a high traffic density and no other sources of lead emission such as smelters, 
the relationship between lead in air and leaded gasoline has been established. For example, a 
document published by Organization for Economic Cooperation Development  (OECD) states that 
the United States in 1986 estimated that more than half of those found with lead in their blood, got 
it through leaded gasoline (OECD, 2005).  
There are more emissions of lead from leaded gasoline in urban areas than rural, especially those 
with high traffic densities as studies of blood lead levels in people living in these areas have shown. 
For example, studies conducted in Mexico city show that a quarter of newborns had lead blood 
levels that can interfere with their brain development (UNEP, 2010), while in  Bangkok, 30,000 to 
70,000 children are at risk of losing about 4 or higher intelligent quotient (IQ) points because of an 
increase in lead concentrations (UNEP, 2010). The blood lead levels of children in Hungary of 
children living in cities were three times higher than those living in the suburbs (UNEP, 2010). 
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 Globally, data analyzed showed that the percentage of children having blood lead levels more than 
10 µg/dL was higher in cities than rural areas.  
The most well-known study as reported by U.S EPA,  showed that lead in gasoline was a major 
contributor to blood lead in the United States between 1976 and 1981 (U.S.EPA, 2006). These 
studies determined the average lead exposure over a large number of people which represented the 
national population. An argument that that there is no relationship between leaded gasoline and 
lead blood levels because lead blood levels were actually decreasing before limits were put on 
leaded fuel has been vigorously rejected because the record on which this argument was based, has 
been proved to be unreliable as a result of the short coming of the analytical procedures that were 
available at that time (Thomas et al., 1999). 
The current use of lead in fuel by piston–engine aircraft continues to be a major source of lead 
emission to the environment. Lead is emitted by piston–engine aircraft at taxiing, taking off, flying at 
altitude and landing. This means that lead is spread over a large area and therefore increases the 
ambient lead concentrations in these areas. The population within this vicinity is likely to be at risk 
due to lead exposure in fresh emissions from these aircraft; they are also at risk of being exposed to 
lead from resuspended dust and other sources. 
Tetraethyl lead is a volatile compound in leaded aviation gas and being volatile, it is the major source 
of lead exposure during fuel production, distribution, refuelling of aircraft, pre-flight fuel checks, fuel 
spills as well as fuel tank venting. Pilots do a fuel check before flight and after refuelling to determine 
contaminants by draining a little quantity of fuel from each tank sump, and this fuel is most often 
deposited onto the tarmac after the check. Lead is emitted into the air as a result of this procedure 
by the evaporation of the alkyl lead. As it evaporates, it is oxidized in the air by direct photolysis, 
reaction with ozone, as well as by reaction with hydroxyl compounds. Alkyl lead may exist in the air 
for many hours to days depending on the prevailing ambient conditions. The population at risk from 
this form of exposure are the pilots, fuel attendants and the mechanics. They inhale the air 
contaminated with alkyl lead and also absorb it through their skin. Because of the ability of alkyl lead 
to combine with or dissolve in fat, it can permeate biological membranes and be absorbed rapidly 
and extensively by the skin (Park, Gu & Lee, 2013). 
2.10 Background on Leaded Fuels for Aircraft 
In 1996, the United States EPA completed the phase out of lead banning its use in fuel used in motor 
vehicles, with exception of piston engine powered aircraft;  the use of aviation gas remains the 
largest source of lead emission (U.S.EPA, 2008). In Australia, the phase-out of lead in petrol was not 
completed until 2002 (Australian Government, 2015). Although lead is not added to jet fuel used in 
commercial aircraft, most of the piston engine aircraft fall into the category of either general 
aviation (GA) or air taxi (AT). These aircraft have different types of engines.  
Two types of avgas exist: the 100 octane with about 4.24 g of lead per gallon of fuel and the 100 
octane Low Lead (100LL) with about 2.12 g of lead per gallon. Tetraethyl lead was introduced for 
piston engine aircraft in 1927; in the 1950s the U.S aviation industry operated using 100 octane 
leaded avgas and later, most changed to jet turbine engine propelled aircraft. In 1970, 100LL became 
the main leaded aviation fuel used and only a limited amount of 100 octane is now used in the USA 
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 (U.S.EPA, 2010); 100 LL remains the only available grade of aviation gas that is used in piston engine 
aircraft today including in Australia (Chevron Products Company, 2007).  
The United States Department of Energy estimated that the volume of leaded avgas supplied has 
ranged from 326 million gallons in 1999 to 235 million gallons in 2008 (General Aviation 
Manufacturers Association, 2011). 
2.11 Exposure to Lead from Piston Engine Aircraft 
Lead from piston engine aircraft is the current highest source of lead emission to the environment in 
the USA (U.S.EPA, 2006). The emissions occur at both ground level and flying altitude. The lead 
emissions are therefore concentrated within the airport facility due to take-offs and landing of 
aircraft and is also distributed over a wide range of geographic locations. 
Lead emitted from aircraft in the form of tetraethyl lead can be deposited on soil, water, vegetation 
and other surfaces and may remain there for a long time, or they may also remain suspended in air 
for some time after they are emitted. This has been known to be a major source of contamination 
for communities living around piston engine aircraft airports (U.S.EPA, 2010). Many of these airports 
are located where the population is high, which may be as a result of increasing residential housing 
that takes advantage of the transportation to the airport as well as recreational facilities. The 
airports offer educational tours, picnics and instructional flying clubs. There are many pathways that 
people can ingest lead from piston engine aircraft such as inhalation of air contaminated with lead, 
taking in of background lead when one gets contact with surfaces that lead has been deposited on, 
soil, edible plants and produce that are grown at locations close to the airport. 
2.12 Chemical and Physical Properties of Lead Emitted by Piston Engine 
Aircraft 
The form of lead used in aviation gas is the same as that used in leaded fuel for motor vehicles. Alkyl 
lead is the common name used for compounds containing organic lead. On combustion, the lead in 
leaded avgas is oxidized to lead oxide which is deposited on valves, as well as spark plugs. This can 
damage the engine if not controlled. Lead scavengers, ethylene dibromide (EDB) and 1,2-
dichloroethane (1,2-DCE), also known as ethylene dichloride (EDC) react with the lead oxides, 
enabling the lead to be emitted from the engine (Chevron Products Company, 2007). 
Various aviation gas distribution systems can introduce tetraethyl lead into the atmosphere these 
include: refuelling, fuel checks and fuel evaporation (U.S.EPA, 2008). 
2.13 Lead Monitoring in the Environment  
There are various guidelines that contain procedures for monitoring environmental pollutants in air, 
soil water and blood by regulatory and monitoring agencies such as the EPA. These guidelines ensure 
that consistent results are obtained by people working at different locations and different periods. 
The following U.S EPA guidelines (U.S.EPA, 2011)  which are also the same as the NEPM 
(Australian/New Zealand Standards, 2015) procedures should be followed while carrying out an air 
monitoring program for lead as a reference method using a high volume sampler. 
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 • Sampling equipment should be sited in a location that should provide a true representation 
of the sample under study. 
• The sampling equipment should be installed so that the sampling inlet is more than 2 m 
above ground level 
• There should be no obstruction to air around the sampling equipment such as tall buildings. 
• The inlet of the sampler should not be exposed to contaminants which are from specific 
localized sources, for example chimney on a roof top. 
• For a general area quality, the site should not be directly downwind from major emission 
sources for example car parks. 
• The sampling equipment should be accessible and secure from being tampered with. 
• There should be constant and enough power supply to operate the sampling equipment. 
• Care should be taken to ensure that samples are not contaminated during collection. 
• Analyte concentrations should not change between the time of collection and analysis. 
• Accurate recording of site observations and measurements should be made. 
• Samples should be appropriately labelled, preserved, stored and transported for analysis. 
• Reporting of results should be accurate and complete. 
• Informed interpretations of results should be followed. 
2.13.1 Equipment for Monitoring Lead in the Environment 
High volume (Figure 2-1) and mini volume samplers are gravimetric samplers used to collect samples 
of air particles. The difference is only in the volume of air drawn for sampling; a high volume sampler 
draws in more than 1500 m3 of air in 24 hrs sampling period, while a mini volume air sampler draws 
in about 24 m3 of air or even less within the same sampling period (24hrs).  
High volume samplers operate with the aid of a blower that has a flow rate of 1.1 to 1.7 m3/min. The 
blower draws air samples into an inlet through a 20 x 25 cm rectangular glass fibre filter (Figure 2-1). 
The mass of the particles collected on the filter is calculated from the difference in the weight of the 
filter material before and after sampling. 
A glass fibre filter is often used because it has a high filtering efficiency, is non-hygroscopic as well as 
having low head loss properties. Air is drawn in through a vacuum in between the head and the 
shelter body. It is usually operated for 24 hrs, although a shorter time period can be chosen 
depending on the expected concentrations of the suspended particles. It has a timer which allows 
the sampler to be turned on automatically at a predetermined time during a seven–day period. A 
usual operation process consists of sampling for 24 hrs every six days, and the filter changed before 
the next sampling day. Larger particles can be blown in by wind and deposited on the filter. The 
deposition is affected by the length of time of the filter exposure, the wind speed as well as the total 
suspended particulate concentrations in the ambient air. 
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Figure 2-1 High volume sampler (Queensland Government, 2013) 
2.14 Airport Lead Monitoring Studies 
There have been very few studies of lead emissions from piston-engine aircraft; the most thorough 
studies were conducted at Santa Monica Municipal Airport in Santa Monica (U.S.EPA, 2010)  and the 
Van Nuys Airport (Fine, 2007) both in California, the Chicago O’Hare airport in Illinois , the Destin 
Airport in Destin, Florida (Tetra Tech, 2008) and the Toronto Buttonville Municipal Airport in Ontario 
(Environment Canada, 2000). The USA studies were conducted as part of Environmental Protection 
Agency’s National Air Toxics Assessment Program. They are discussed in detail below. 
2.14.1. Santa Monica Airport 
The Santa Monica study aimed at developing and evaluating methods for determining air quality 
that can be used to quantify the concentration of lead within an airport servicing aircraft that use 
avgas.  
Soil and dust measurements for lead were carried out to determine how the concentration of lead 
varies with distance from the airport. Samples were collected for three months and tested for lead 
concentrations and model sensitivity. The results were then compared with the National Ambient Air 
Quality Standard for lead of 0.15 µg/m3 (U.S.EPA, 2008 ). 
The design used in the monitoring network basically involved determining the number of stations 
and their locations and monitoring methods with a view to objectives, costs and available resources. 
The typical approach to the network design involves placing monitoring stations or sampling points 
at carefully selected representative locations, chosen on the basis of required data and known 
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 emission / dispersion patterns under study. In this study, the monitoring program was divided into 
two periods namely: WINTER and SUMMER. 
The winter monitoring program was done twice using 4 day periods from Friday to Monday in March 
12-15 and 27-30, 2009. This was done because Santa Monica Airport has more aviation activity 
during weekends than weekdays. The sampling was done for 24 hours. 
Three monitoring sites were used for this program using high volume samplers; the sampling sites 
were chosen according to wind direction. Two downwind sites relative to the runway and each other 
were chosen, and a west wind site because the prevailing wind flow was onshore during the day 
when most aircraft activity takes place.  
Mini volume samplers were set to collect total suspended particulate at all the three sites, a fourth 
mini volume sample was rotated between the three sampling sites while a fifth mini volume sampler 
was used only when activity in the airport was on  the east tarmac for 18 hrs. This presented 
additional information by being in operation only when the aircraft were in operation. 
The summer program monitoring extended over a period of one week starting on Saturday July 25th 
to Friday July 31st. During the summer period, aircraft movements were similar on both weekdays 
and weekends. Four sampling sites were used, namely: the upwind site adjacent to the airport 
maintenance, the east tarmac site which was used in winter, and two residential sites in the 
prevailing down wind direction which were about 100 and 175 meters, respectively, from the east 
tarmac.  
Many factors were taken into consideration while collecting soil samples including accessibility, 
extent of disturbance, amount of vegetation covering the soil and the type of soil. Four locations 
were chosen for soil collection. Dust samples were collected from selected surfaces in the areas and 
five houses close to the airport. 
 
For the winter monitoring, five mini volumes were used on three sites based on cost effectiveness 
and the flow of wind; their performance was then compared with the high volume sampler. Based 
on the inter-comparison between the Hi volume and the mini volume measurements, the Hi volume 
sampler was favoured and used throughout the summer monitoring. 
The three- monthly average concentrations of lead in total suspended particulate were 0.08 µg/m3 
for winter and 0.10 µg/m3 for summer for the downwind site. The winter result is 67% of 2008 lead 
NAAQS of 0.15 µg/m3. This shows that in an airport with more piston engine aircraft, the lead 
concentration may be close to, or greater than 0.15 µg/m3. 
At a neighbouring site, 70 meters away and located downwind from the highest concentration site, 
the three month average concentration of lead in TSP were 0.020 µg/m3 in winter and 0.030 µg/m3 
in summer. At 1 km in the same direction, that is the downwind site, the lead concentration in 
winter and summer were 0.004 µg/m3 and 0.008 µg/m3, respectively. 
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 2.14.2 Van Nuys Airport, Los Angeles, USA 
At this airport, lead monitoring using high volume sampler was conducted at six locations for two x 
three month periods. The location was inside the airport, but was not in areas that were expected to 
have a large concentration of lead emission. The closest monitoring site that was close to the 
emission source (runway) was more than 1 km downwind from the runway, and the concentration 
of lead at this location was 0.03 µg/m3. This concentration is four times higher than the regional 
background level of 0.008 µg/m3, which was measured at the same time and located 2.5 kilometres 
from the north of the airport. 
2.14.3 Toronto Buttonville Airport 
Lead monitoring at Toronto Buttonville Municipal Airport was done over ten 24-hour periods with a 
PM10 High volume sampler at four locations within the airport at distances as close as 15 m to the 
runway. One urban background site in downtown Toronto was also set up, 10 km west- south west 
of the airport. The results showed that the average lead concentrations within the three sampled 
locations that were sampled for less than a 12-hour period was 0.03 µg/m3, while the maximum 24-
hour lead concentration was 0.13 µg/m3. However, one sample collected for 11 hours gave a 
concentration of 0.3 µg/m3. Meanwhile, the maximum concentration observed over a 24 hour 
period at the airport during this study 0.13 µg/m3, was 11 times higher than the lead concentration 
which was reported for downtown Toronto, during the same period of monitoring ( 0.012 µg/ m3). 
The average lead concentration downtown Toronto site was 0.007µg/m3. In this study, the total 
particulate matter in PM10 was also measured; the average mass of lead in this measurement was 
0.15% of the total PM10 mass at the upwind while it was 0.04% for downwind. This report showed 
that the difference in lead concentration was as a direct result of the leaded aviation gas. 
2.14.4 Chicago O’Hare Airport 
In order to determine the impact of lead emission of piston engine aircraft operation in the 
environment at the Chicago O’Hare airport, a sixteen day sampling period was chosen between June 
and December in 2000. Two monitoring sites were located upwind and downwind of the airport. The 
prevailing wind direction provided samples that were collected simultaneously both upwind and 
downwind within five days of the sampling period using high volume samplers; the results showed 
that the downwind lead concentration was 0.03 µg/m3 and the upwind lead concentration 0.016 
µg/m3. This result shows that the concentration of lead downwind was 88% higher than the 
concentration of lead upwind (Springfield, 2012). 
2.14.5 Destin Airport 
At the Destin Airport in Destin, Florida, four sampling points were chosen in the months of April, 
2007 and July, 2008. The sampling in April, 2007 was done for four days, while that in July, 2008 was 
done for three days using high volume samplers. Two of these sampling locations were located 
within the airport at distances of 200 and 400 m from the runway and the other two were located 
outside the airport at distances of 1.4 and 2.7 km from the airport. The average lead concentrations 
within the airport were 0.004 µg/m3 in April, 2007 and 0.005 µg/m3 in July 2008 ; this differs 
marginally from the average urban ambient lead concentrations of 0.003 µg/m3 and 0.004 µg/m3 at 
the same periods. 
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 Chapter 3 Piston Engine Aircraft 
3.0 Introduction 
The engine in piston engine aircraft is built on the same principle as the spark ignition engine in cars, 
the only difference is their higher level of performance. While car engines run on a power of 30% or 
less, aircraft engines run at 55% power or more; the difference in design of an aircraft engine is 
evident in their capacity 
3.1 Fuel Used By Piston Engine Aircraft 
Aviation gasoline was produced specifically for aircraft that have piston engines with addition of 
supplements like tetraethyl or alkyl-lead, anti-knock complements, metal deactivators, color dyes, 
corrosion inhibitors, ice inhibitors, and static dissipaters. Its volatility is high and at ordinary running 
temperatures has a high flammability. The different grades are distinguished by their octane 
content. The two terms that are used for gasoline description are the lean and rich mixture rating 
which can be written with number addition as Avgas 100/130 (proportion of lean to rich gas is 
100:130).  
Gasoline is made from hydrocarbons mostly from iso-octane which has high anti knock qualities. 
Fuels that have the same level of anti-knock properties as iso-octane are classified as 100. Iso-octane 
is mixed with heptane to enhance its anti-knock property (De Oliveira & Rocha, 2011).  
Adding lead or other enhancers improves the engine performance. Another criterion that enhances 
power is the fuel air ratio, upgrading a fuel to a higher octane and keeping other parameters as they 
are will not improve the running of the engine. Engines with a high compression need a higher 
octane value because the higher the octane content, the more the detonation or knocking in the 
engine is delayed (General Aviation Manufacturers Association, 2011) 
3.1.1 Aviation Gas Classification 
 3.1.1.1 Avgas100 (High Lead) – Colored Green 
This is standard high lead fuel which is 1.12  g/L and has a high octane rating for piston engine 
aircraft. There are two major specifications for Avgas 100: the ASTM D 910 and UK DEF STAN 91- 90 
with only a difference in antioxidant content, oxidation stability requirement and maximum lead 
content.  
3.1.1.2 Avgas 100LL (low lead) – colored blue     
This is the low grade lead version of aviation fuel, the low lead being a relative term because it still 
contains about 0.56 g/L of lead. It is listed with the same specification as Avgas 100, ASTM D 910 and 
UK DEF STAN 91-90. 
3.1.1.3 Avgas 82 UL, unleaded – colored purple  
This relatively new grade is targeted at low compression ratio engines, which do not need high 
octane 100LL , and are designed to run on “unleaded” fuel, as specified in ASTM D 6227. 
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 . Tables 3-1 summarises the grades of aviation fuel. 
Table 3-1 Grades of Aviation Fuel  
 GRADES 
GRADE SOURCE COLOUR LEAD (g/L) max 
82 (ASTM, 2014) Purple 0 
100LL  (ASTM, 2015; UK 
Ministry of Defence, 
2015) 
Blue 0.56 
100 (ASTM, 2015; UK 
Ministry of Defence, 
2015) 
Green 1.12 
3.2 Moorabbin Airport 
Moorabbin Airport is the biggest aircraft flying training school in Asia Pacific; it was ranked as 
number three among the busiest airports in Australia in 2010 and has the highest activity among 
general aviation airports in the Eastern seaboard of Australia. It is located within a rapidly 
developing urban area. Its accessibility and location makes it a choice area for small and medium size 
businesses, aviation and non–aviation activity (Moorabbin Airport Community Consultation Group, 
2015). 
3.2.1 Summary of Aircraft Movements at Moorabbin 
The number of aircraft movements at Moorabbin Airport has remained constant over the past few 
years (the number of movements equals twice the sum of arrivals and circuits); however, there was 
an increase of 2.6% in the first quarter of 2015 as shown in Figure 3-1 below. The majority of the 
flights are for recreation with professional students training flights on the rise. Table 3-2 shows the 
aircraft movement from July, 2014 to June, 2015, while Table 3-3 shows the ranking of Australian 
airports within the same period. 
Table 3-2 Aircraft movements at Moorabbin Airport in 2014/15(Moorabbin Airport Community Consultation Group, 
2015)  
 MONTH FIXED WING HELICOPTER TOTAL 
Jul 14 18,276 3,036 21,312 
Aug 14 18,900 3,234 22,134 
Sep 14 14,782 2,942 17,724 
Oct 14 15,808 2,944 18,752 
Nov 14 14,634 3,196 17,830 
Dec 14 14,864 2,504 17,368 
Jan 15 15,044 2,490 17,534 
Feb 15 15,742 2,380 18,122 
Mar 15 16,836 3,034 19,870 
Apr 15 20,690 2,944 23,634 
May 15 18,278 2,734 21,012 
Jun 15 16,184 3,596 19,780 
Total 200,038 35,034 235,072 
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Figure 3-1 Moorabbin Airport Aircraft Movements July 2014 to Jun 2015 
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Table 3-3: Australian Aircraft Movement Ranking year ending June, 2015 
Airport Name Aircraft Movement Ranking 
year ending June 2015 
Sydney( NSW) 331,668 
Jandakot (WA) 239,830 
Parafield (SA) 236,044 
Moorabbin (VIC) 235,072 
Bankstown(NSW) 231,402 
 
Despite decreasing movement numbers, Moorabbin Airport continues to rank as one of the busiest 
airports of its type in Australia. This is due to its role as an education centre for flight training, with 
approximately 800 students currently per year. A forecast scenario anticipates that the long-range 
forecast of 500,000 movements will be reached within the 20-year period of the 2015 Master Plan 
(Moorabbin Airport Corporation, 2015) as shown in Table 3-4. 
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 Table 3-4 Moorabbin Airport Aircraft movement forecast for 2035  (Moorabbin Airport master plan 2015)  
 
Note that the number of movements for arrivals and departures for single engine piston aircraft was 
specified as 281,950 in the Moorabbin Airport draft master plan. Since this number was the same as 
the number entered for circuit training, and the remaining numbers did not add up correctly, it was 
assumed that this was an error. The number 48,374 has been entered here so that numbers add up 
correctly. 
Forecast Aircraft Movements for 2035
Circuit Training Total 
Single engine piston 281,950 48,374 330,324
Twin engine engine 50,050 30,862 80,912
Light turboprop 8,224 8,224
Light jet 4,540 4,540
Total fixed wing 332,000 92,000 424,000
Helicopter Single engine piston 41,058 15,032 56,090
Single engine turbine 9,068 3,320 12,388
Twin engine turbine 5,506 2,016 7,522
Total helicopter 55,632 20,368 76,000
Grand total 500,000
Fixed wing Arrivals & Departures
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 Chapter 4 Sample Collection and Analysis 
Samples were collected within the boundary of Moorabbin Airport using a high volume sampler 
fitted with a PM10 size selective head from 16th of December, 2014 to 23rd of January 2015; this 
covered a period of seven weeks. The high volume sampler was programmed to run on a six days 
interval, which made it possible for seven samples to be collected within this period. The filters were 
digested in acid and analysed by Inductive Coupled Mass Spectrometry.  Samples collected on filters 
from two sites operated by the EPA at Alphington and Footscray, using the same type of instrument, 
were used as controls to compare the lead concentrations at Moorabbin with other sites in 
Melbourne not impacted with lead from aircraft engines. 
The PM10 size selective inlet manufactured by Ecotech Pty was used to separate the particulates 
aerodynamically and collect them on a pre-weighed glass-fiber Teflon backed filter supplied by EPA 
Victoria. The sampler head was mounted on an Ecotech 3000 hi-volume sampler which was 
connected to 240 V power supply. The sampling unit was mounted on a concrete slab to prevent it 
from being toppled over by the wind. 
4.1 Sampling Procedures 
The procedure for the collection of samples at all three sites was based on that established by Code 
of Federal Regulation, 40 CFR part 50 - appendix B to part 50 (U.S.EPA, 2011) and U.S EPA in Ref. 18 
on high volume air sampling (U.S.EPA, 2011) as well as Australia and New Zealand standards for 
methods of sampling and analysis of ambient air (Australian/New Zealand Standards, 2015). The 
samples were analysed using Analytical Methods in Appendix G to part 50 – Reference Method for 
the Determination of Lead in Suspended Particulate Matter Collected from Ambient Air from Code of 
Federal Regulation for ICP-MS.  
4.2 Selection of Sampling Site 
Three locations were used in collecting samples for this study. Each site was chosen because it 
represented a different environment from the others, and combined, they formed a representative 
cross-section for the sampling. All samples were collected at the three sampling sites over the same 
24 hr period and were analyzed at the same time for consistency.  
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 Site 1 (Figure 4-1) was at Moorabbin Airport, beside runway 35L, oriented in a north-south direction. 
This site was chosen because of the high activity of piston-engine aircraft that still use leaded fuel. 
Also the City of Greater Dandenong is located to the east of the airport and with an estimated 
population of 150,000 in 2014 and is within the airspace controlled by Moorabbin Airport. The spot 
where the high volume sampler was installed was within the Bureau of Meteorology monitoring site 
at the airport. There was no obstruction to the sampling equipment which would have otherwise 
obstructed the collection air samples by the high volume sampler. There are no other known sources 
of lead production around the airport.                                                                                                                                                                                     
 
Figure 4-1 Moorabbin Airport, Melbourne, Australia 
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 Site 2 (Figure 4-2) was located at Hansen Reserve, Roberts road, West Footscray; this is an EPA 
Victoria monitoring site which became operational on the 27th June 2001 and is used for the 
monitoring of carbon monoxide, hydrocarbons, nitrogen dioxide, ozone as well as particulates. 
Hansen Reserve is mostly bounded by residential houses and there are no known sources of lead 
around it; some of the commercial buildings that are close to it were not occupied at the time of this 
study. It is however, close to heavy traffic along Princess Highway and Sunshine road, which may 
make it possible for re-entrained dust to be sampled 
                                                                                                                                                                                      
 
Figure 4-2 Footscray Monitoring site, Melbourne, Australia 
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 Site 3 (Figure 4-3) was located at Railway Lot 6, Wingrove Street, Fairfield; this is another Victoria 
EPA monitoring site which became operational on 1st November 1978 and it is used for the 
monitoring of carbon monoxide, hydrocarbons, nitrogen dioxide, ozone and particulates. It is located 
within a residential and light industry zone. 
                                                                                                                                                                                  
 
Figure 4-3 Alphington Monitoring site, Melbourne, Australia 
4.3 Calibration of the High Volume Sampler 
At Moorabbin, the sampler was calibrated so as to adjust the flow rate using a manometer to check 
the equivalent pressure drop in the head for a flow rate of 67.8 m3/hr. This calibration was done 
following the procedure stated in the US EPA 40 CFR 50 Appendix B (U.S.EPA, 2011). The Orifice 
Plate was used in the calibration of the high volume sampler, with the aid of the calibration chart 
supplied by the manufacturer at the three flow rates of 60, 70 and 80 m3/hr calibration. The inlet 
hood was raised and the filter removed from the cassette. The orifice plate was then installed on the 
cassette and fastened with two thumbscrews on either side of the filter cassette to ensure a good 
seal; a digital manometer was then attached to the orifice plate with rubber tubing. The connection 
was checked for leaks; the high volume sampler was started and allowed to run for five minutes to 
warm-up the sampler. The high volume sampler was adjusted until the pressure in the manometer 
was same as the flow rate indicated on the chart at the three calibrating points of 60, 70 and 80 
m3/hr, and the high volume was then turned off while the orifice plate was removed. Calibrations 
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 are to be performed when the sampler is initially installed at the sampling location prior to initial 
operation; when the sampler malfunctions or the blower motor fails; and when the sampler fails any 
monthly flow check or audit flow check. The samplers at Footscray and Alphington were calibrated 
using the same standard procedure and maintained by EPA Victoria.                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.4 Collection of Sample 
The first step in the collection of samples was to number the clean glass fibre filters measuring 25 by 
20 cm, which were then backlighted and inspected for any deformity, pinholes, particles, and other 
imperfections; filters with visible imperfections were not used. The filter and the backup filter were 
then equilibrated for a period of 24 hours at a temperature about 20oC and a relative humidity of 37 
%. They were then weighed to the nearest 0.0001 g using an analytical balance at EPA Victoria.  
Figure 4-4 High volume sampler installed SW of the Moorabbin Airport runway under calibration 
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 The filter was then put in a plastic carry case and transported to the site. At the site, the filter was 
installed in filter cassette which was then placed in the PM10 size selective inlet of the high volume 
sampler. During inclement weather, precautions were taken to prevent damage to the clean filter as 
well as loss of sample from or damage to the exposed filter. The size selective inlet of the high 
volume sampler was then closed and the sampler was run for at least five minutes to establish run-
temperature conditions. The flow indicator reading, the barometric pressure (P) and the ambient 
temperature (T) were recorded.  
The sampler identification information which includes the filter number, site location, sample date 
and starting time, were then recorded. The sampler timer was then set to start and stop the sampler 
so that it ran for 24 hours, from midnight to midnight.  
After the sampling period, the sampler was run for at least five minutes to again establish run-
temperature conditions. Again, the flow indicator reading, barometric pressure (P3) and the ambient 
temperature (T3) were recorded. The sampler was then stopped, the thumb screw of the PM10 head 
loosened and the filter cassette removed and the filter was then carefully removed from the filter 
cassette wearing nitrile gloves, making sure that only outer edge of the filter was touched. The 
exposed filter was then folded in half lengthwise so that only surfaces with collected particulate 
matter were in contact, and placed in aluminium foil before putting it in the filter holder for 
transportation to the laboratory.  
At the laboratory, the filter was then equilibrated for 24 hours at a temperature of about 200C and 
37%. Immediately after equilibration, the filter was reweighed to the nearest 0.0001 g and then 
analysed. The procedure discussed above is from the U.S. EPA Electronic Code of Federal Regulation 
(U.S.EPA, 2011). 
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 The following parameters were determined using the formulae below: 
The air volume measured by the standard volume meter is corrected to standard volumes (std m3) 
by using the following equation:  
                       Vstd= Vm(P1-ΔP/Pstd)(Tstd/T1) ……….           (1) 
Where: 
Vstd= standard volume, std m3 
Vm = actual volume measured by standard volume meter 
P1 = barometric pressure during calibration, mm Hg or KPa 
ΔP = pressure drop at inlet to volume meter, mm Hg or KPa 
Pstd = 760 mm Hg or 101 KPa 
Tstd = 298 K 
T1 = ambient temperature during calibration, K. 
 
Standard  flow rates are calculated to the nearest 0.01 std m3/min by using the equation below 
      Qstd =Vstd/t  …………………       (2) 
Where: 
Qstd = standard volumetric flow rate, std m3/min 
t = elapsed time, minutes 
 
Average Sampling Flow Rate: ( Qstd) = (Q1 + Q2) / 2  ……………..(3) 
 Where: 
 Qstd = standard volumetric flow rate, std m3/min 
 Q1 = initial sampling standard flow rate, std m3/min 
 Q2= final sampling standard flow rate , std m3/min. 
 
Total Air Volume Sampled:  Vstd = Qstd x t  …………….  (4) 
                                                                                                                                                                             
Where:         
 Vstd = total air volume sampled, std m3 
 Qstd = average sampling standard flow rate, std m3/min 
 t = sampling time, min 
 
 
Particulate Matter Concentration:  TSPstd = (Wf – Wi)106 / Vstd      …………….    (5)   
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 Where: 
TSPstd = mass concentration of total suspended particulate matter, µg/std m3 
  Wi          = initial weight of clean filter, g 
  Wf       = final weight of exposed filter, g 
  Vstd     = air volume sampled, std m3 
  106     = conversion of g to µg. 
4.5 Sample Preparation 
In conducting the lead analysis, it was assumed that the deposition of the particulate on the filter 
was evenly distributed. All the glassware for the analysis was soaked in 10% nitric acid for 24 hours 
in an acid bath and rinsed thrice with Milli-Q water before use to remove any contaminants 
including lead. Deionized water was obtained from a Millipore Milli-Q system, acids and reagents 
were analytical reagent grade and all volumetric glassware was A-grade.  
One-fourth of the exposed and blank filters was cut out with a razor blade, following the procedure 
specified to the US EPA (U.S.EPA, 2011). This was done by carefully cutting the filter in half and then 
the half was also cut into another half to give a quarter although there is the possibility of not 
getting exactly 25% of the filter due to cutting error. Each quarter was folded into half twice and put 
into a 100 mL beaker to which 30 mL of 3 M nitric acid was added. The nitric acid completely 
covered the filter paper in the beaker. The beaker was then covered with parafilm and put in an 
ultrasonicator; the parafilm was not allowed to touch the water in the ultrasonicator to avoid 
contamination of the sample.  
The ultrasonicator was set to operate for 30 minutes; the beaker was then brought out and the 
solution allowed to settle for about 15 minutes. The sample was quantitatively transferred to a 100 
mL volumetric flask, the parafilm and the side of the beaker were rinsed twice with Milli-Q water 
and transferred to the volumetric flask. Then Milli-Q water was put into the beaker to cover the 
filter, the beaker was then covered with the parafilm and kept for 45 minutes, this was done to allow 
the nitric acid entrapped in the filter to diffuse into the water. At the end of the 45 minutes the 
water was decanted into the volumetric flask, the filter was further rinsed with Milli Q water and 
decanted into the volumetric flask until the level was at the mark of the volumetric flask. The 
volumetric flask was then stoppered and the extract mixed thoroughly and then transferred to a 
polyethylene bottle for storage.  
A blank filter which was neither weighed nor exposed was also digested and analysed under the 
same conditions, using the same procedures used to analyse the exposed filters. 
4.6 ICP-MS Analysis  
The sample was analyzed using an Agilent 7700 series ICP-MS which has a range of 0 to100 parts per 
billion (ppb), the glassware for this analysis was soaked in 10% nitric acid for 24 hours and rinsed 
three times with Milli-Q water. Standards for this analysis ranged from 1, 5, 10, 20, 50 and 100 parts 
per billion and were made by pipetting 0.05, 0.25, 0.5, 1.0, 2.5 and 5 mL of the working lead 
standard (1000 ppb) into a 50 mL volumetric flask and making it up to the mark with 2% nitric acid. 
These were then transferred into ICP-MS tubes for analysis together with the samples. 
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 4.7 Quality Control and Quality Assurance Procedure for Sample Collection 
and Analysis 
The following quality control/ quality assurance procedure as outlined in U.S EPA electronic code of 
federal regulation(U.S.EPA, 2011) and AS/NZ (Australian/New Zealand Standards, 2015) on lead 
analysis in total suspended particulate were followed during sampling collection and analysis: 
• Filters were checked for damage, pinhole and discolouration. 
• Clean disposable nitrile gloves were worn when installing filters in filter cassettes. 
• Exposed filters were removed with clean nitrile glove worn and care taken not to puncture 
or damage the filter as well as during analysis 
• The clean and exposed filters were protected from moisture by putting it in a foil and then 
into a zip lock bag for transportation. 
• Effort was made to make sure that the high volume ran for 24 hrs on each sampling day by 
making sure that there was constant power supply to the sampler. 
• Glassware and sample bottles were soaked in 10 % nitric acid for at least 24 hrs before use. 
• All reagents used for the analysis were of analytical grade.  
 
4.8 Calculation for Concentration of Lead in Sampled Air 
Mass of lead on filter portion  
= Concentration of digestate (µg/L) x volume of digestate (L) ……………….(6) 
Total Volume of Air Sampled (Tvs) = Average standard flow rate (m3/s) x time(s)………….(7) 
Concentration of lead in air (mg/m3)  
=  (mass of lead on filter portion (µg) x 4 )/ (1000 x volume of air sampled m3))…………… (8) 
This calculation assumes that the filter was cut into equal quarters. 
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 Chapter 5 Modelling 
5.0 Introduction 
In this chapter, the current and projected aviation gas consumption at Moorabbin Airport has been 
calculated using the 2014 – 2015 aircraft movements (Moorabbin Airport Community Consultation 
Group, 2015) and the anticipated aircraft movements for 2035 as detailed in Moorabbin Airport 
Master plan for 2015 (Moorabbin Airport Corporation, 2015) (Tables 3-2 and 3-4). The expected 
agvas usage has been used to estimate the quantity of lead that released within the 2014-2015  
period and likely to be emitted in the future. The results are compared with the U.S EPA trigger level 
for monitoring of 1000 kg of lead per year (U.S.EPA, 2015).  
The  U.S EPA developed a national inventory for lead emissions from aircraft using leaded aviation 
gas has an approach to determine piston-engine aircraft lead emissions (U.S.EPA, 2008). They relied 
upon the basic methodology employed in the emission and dispersion modelling system, which 
takes into account its fuel consumption rate during various phases of landing and taking off as well 
as the time for each of these phases, the concentration of lead in the aviation gas and the retention 
of lead in the engine oil; this procedure was followed in this modelling.   
The air dispersion models AERMOD and HYSPLIT were also used to estimate the concentration of 
lead in and around Moorabbin Airport within the sampling days while wind roses were also 
generated to confirm the wind directions. 
5.1 Fuel Consumption and Lead Concentration in Fuel at Moorabbin Airport 
5.1.1 Aviation gas used at Moorabbin airport from July 2014 to June 2015 
Since the precise makeup of the aircraft was not known, the USEPA (2008) assumptions in their 
modelling system was used. These assumptions are that: 72% of fixed wing aircraft are piston engine 
aircraft of which 90% are single engine, 31% of helicopters are piston engine, and 5% of lead is 
retained in the engine. A landing and takeoff (LTO) is a combination of 2 movements. 
From the data released by Moorabbin Airport Authority the number of aircraft movements from July 
2014 to June 2015 are as follows, see Table 3-2,  Fixed wing aircraft =200,038;  Helicopters = 35,034 
Therefore, there should be 200,038 × 0.72 = 144,027 piston engine aircraft movements, and  
35,034 × 0.31= 10,857 piston engine helicopter movements 
According to General Aviation Manufacturers Association (2011) 90% of all piston engine aircraft are 
single engine while 10% are twin engine  
This gives: 
          The number of single engine aircraft movements:   144,027× 0.90 =129,624  
          =64,812 LTO 
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           The number of twin engine aircraft movements: 144,027 × 0.10= 14,403 
=7,202 LTO 
   
   
According to the U.S.EPA (2008) average fuel usage for a LTO for each type of aircraft is 
for single engine =2.83 gal/LTO 
for twin engine = 9.13 gal/LTO 
So the estimated total avgas used in the 2014-2015 period used for a single piston engine is  
64,812 × 2.83 gal/LTO= 183,418 gal/LTO and  
for a twin engine aircraft is   7,202 × 9.12 gal/LTO = 65,682  gal/LTO 
Since the maximum lead concentration specified by ASTM for 100LL is 2.12 g/gal, the yearly amount 
of lead for single engine, 
                 (183,418 gal/LTO × 2.12g/gal)                          = 389 kg Pb/LTO  (6.0 g Pb per single LTO), and  
                                            1000 
for the twin engine aircraft 
                    (65,682  gal/LTO × 2.12 g/gal)                               = 140 kg Pb/LTO (19.3 g Pb per single LTO) 
                                          1000 
Data from USEPA 2008 shows that 5% of lead from fuel is retained in engine and engine oil. Thus the 
emitted fraction is 0.95% 
For single engine aircraft the estimated yearly total emitted is  
389 kg Pb/LTO × 0.95 = 370 kg Pb/LTO  and  
for the twin engine                     140 kg Pb/LTO × 0.95 =  133 kg Pb/ LTO  
For helicopters, the number of movements was 35,034 so the number of LTO was 17,517. 
Multiplying the concentration of lead in avgas(2.12 g/gal) by the weighted average fuel usage rate of 
a Robinson R22 helicopter engine (one of the types used at Moorabbin Airport) as suggested by 
USEPA (2008) produces an overall annual emission factor of 6.60 g [Pb]/LTO. Assuming only 31% are 
piston engine aircraft, the amount of lead released from piston engine helicopters will be 
17517 × 0.31 x 6.60 g Pb/LTO =35,839  g Pb /LTO 
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 Putting the retention factor of 0.5% we get 
                                                                                                                                                                                     
               35,839  g [Pb] /LTO × 0.95          =               34 kgPb/LTO        
                                    1000 
Adding the values for single, twin engine and helicopter piston engine will give: 
(389+140+34) kg Pb/LTO = 563 kg of lead emitted over the 2014-2015 year during LTO. 
According to the data shown Moorabbin Airport Masterplan 2015 (Table 3-4), between 2040 and 
2060 the number of single engine piston aircraft movement is expected to be 330,324 (165,162 LTO) 
and twin-engine piston aircraft movement is anticipated to reach 80,912 (40,456 LTO). From the 
data provided in the 2015 Master Plan, the fraction of fixed wing aircraft with a piston engine is 
330,324/424,000 (0.78), the fraction of the piston aircraft which are single engine is 
330,324/(330,324+80,912) (0.80) and the fraction of piston engine helicopters is 56,090/76,000 
(0.74). The number of twin engine piston aircraft and piston engine helicopters is greater than that 
estimated using the USEPA assumptions.  If these fractions had been substituted in the analysis 
above, then the estimated amount of lead released in the 2014-2015 period would have been 720 
kg, not 563 kg. 
In either case, at this stage,  the emissions from Moorabbin Airport are not likely to have exceeded 
the trigger level of 1000 kg for lead monitoring (U.S.EPA, 2008) in the financial year 2014-2015. 
5.1.2 Future Scenario 
Using the data in Table 3-4, Table 5-1 shows the expected amount of lead released over Moorabbin 
Airport if the future scenario of 500,000 movements is reached, and leaded fuel is still used. The 
assumptions behind the calculations are the same as above: lead in avgas is 2.21g/gal, the 
consumption of fuel for each type of aircraft is 2.83 and 9.13 gal of fuel for an LTO, for single and 
twin engine aircraft, respectively, 6.6 g of Pb is released per helicopter LTO and there is a 5% 
retention of Pb in the engine. 
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 Table 5-1 Predicted lead emissions based on forecast aircraft movements at Moorabbin Airport (2035) 
 
If the forecasted aircraft movement is achieved between 2040 and 2060, and leaded aviation fuel 
still in use, the quantity of lead that will be emitted into the air every year at Moorabbin Airport will 
be 1860 kg, which is between 2 and 3 times the current mass of lead emitted, and exceeds the US 
EPA trigger level for monitoring (1000 kg per year). 
5.2 HYSPLIT Air Dispersion Modelling 
Determination of the source of air masses which are sampled during airborne field campaigns has 
become an important part of current atmospheric research. This is often done using backward 
dispersion modelling which provides information about processes along the air parcel path and 
possible source regions. A commonly used dispersion model is the Hybrid-Single Particle Lagrangian 
Integrated Trajectory (HYSPLIT ) model developed by the National Oceanic and Atmospheric 
Administration’s (NOAA) Air Resources Laboratory (ARL) (Draxler & Hess, 1997). HYSPLIT uses 
archived 3-dimensional meteorological fields generated from observations and short term forecasts. 
HYSPLIT can be run to generate forward and backward dispersions using several available 
meteorological data archives (Freitag et al., 2014). 
The data archives used in this analysis were the Global Data Assimilation System ((GDAS) 1 degree, 
global 2006 – Present) and NOAA’s Air Resources Laboratory (ARL). The GDAS is the system used by 
the Global Forecast System (GFS) to place observations into a gridded model space for the purpose 
of starting, or initializing, weather forecasts with observed data. 
To run the trajectory, the web site (http://www.arl.noaa.gov/ready/HYSPLIT4.html ) was opened 
at the home page, run HYSPLIT with archived data was selected under dispersion model at the top 
left hand side of the page, compute trajectories was selected followed by GDAS (1 degree, global, 
2006 – Present) data set. The latitude and longitude for the trajectory starting location which is 
Moorabbin Airport was selected. Under the model run options, the following were selected for the 
basic dispersion modelling: (a) forward for the ‘dispersion direction’. (b) The end year, month, day, 
and hour to start the trajectory. As Australia is ahead of the Coordinated Universal Time (UTC), the 
time difference was taken into consideration. (c) The Total run time (hours) which is the total time 
the dispersion modelling will run, the run time for this project is 12 hours. (d) Starting height of the 
dispersion, which represents the height above ground level that the dispersion will start. The starting 
height for this project falls within the boundary layer region of 500 – 1500 meters which is within the 
Aircraft type
Number of aircraft 
movements
Number of LTO 
per year Pb/LTO (g)
Total 
lead/annual 
LTO kg
Total annual 
lead 
emitted/LTO 
kg
 Single engine 
piston 330324 165162 6.0 991 941
twin engine piston 80912 40456 19.3 782 743
 helicopters 56090 28045 6.6 185 176
1958 1860Annual load of lead emitted to air (tonnes)
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 boundary layer.  Under the ‘Display Options’, Google earth was selected for the ‘GIS output’, 
followed by request dispersion which displays the HYSPLIT run result as shown below in Table 5-2 
Table 5-2 Input table for HYSPLIT dispersion modelling 
Release type Unknown Material (generic mass <24hrs) 
Meteorology GDAS (1 Degree, global, 2006 - present) 
Source location 94870 (Moorabbin Airport) 
Latitude 37.9837 S 
Longitude 145.1016 E 
Dispersion direction Forward 
Release starting time (UTC) +10 hrs 
Release top 30 m 
Release quantity 1 g 
Release duration 5 min 
Total duration 12 hrs 
Avg Period / Output interval 1 hr 
Plot resolution 96 
 
The following Figures ( 5-1 – 5-8) show the dispersion calculated on each of the sampling days for 
one aircraft taking off at 9:00 am in the morning. 
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Figure 5-1 Moorabbin Airport without dispersion modelling 
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Figure 5-2 Dispersion model (mg/m3) on 17/12/2014 (9am) 
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Figure 5-3 Dispersion model (mg/m3) on 23/12/2014 (9am) 
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Figure 5-4 Dispersion model (mg/m3) on 29/12/2014 (10am) 
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Figure 5-5 Dispersion model (mg/m3) on 4/1/2015 (9am) 
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Figure 5-6 Dispersion model (mg/m3) on 10/1/2015 (9am) 
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Figure 5-7 Dispersion model on (mg/m3) 16/1/2015 (9am) 
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Figure 5-8 Dispersion model (mg/m3) on 22/1/2015 (10 am) 
 
5.3 Summary of results 
The HYSPLIT dispersion model predicts a maximum concentration of 0.01 µg/m3 within the airport 
boundary on the 22/1/2015 when the winds were light. In general the concentrations in the 
dispersed plum is  low (< 0.001 µg/m3 ). At 9:00 am, the plumes tended to disperse either to the 
north east of the airport on 17/12/2014,  4/1/2015 and 10/1/2015, to the south east of the airport 
on 23/12/2014, 29/12/2014 and 16/1/2015 and to the south on 22/1/2015. 
5.4 AERMOD modeling  
AERMOD is an integrated system that uses a steady-state plume method which is based on the 
theory that concentrations within a distance which is not more than 50 km that are modelled at a 
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 particular hour are controlled by the available weather conditions within that time. It was developed 
in 1995 and approved by the U.S EPA for use in 2000 (U.S.EPA, 2004). Table 5-3 shows the times for 
the various mode of aircraft activity, while Table 5-4 shows the input for the modelling.  
 
Table 5-3 Time for different aircraft mode and fuel consumption at Moorabbin Airport   (Source for fuel use: Air Quality 
Modelling Study for Lead Emissions at Santa Monica Airport (U.S EPA, 2010)). (Times are based on observations at 
Moorabbin Airport) 
 Activity Time (second) Fuel use per second 
(g/second) 
Total Fuel used (g) 
Taxi out 60 1.6  96 
Run up 60 3.8 228 
Take off 16 15.3 245 
Climb out 78 11.7 913 
Total 214                                       32.4                                     1482 
 
Calculation of Emission rate: 
The density of aviation fuel is 0.72 g/mL at STP 
Pb =0.56 g/L (The amount of lead in 1 L of fuel). 
Dividing this by the density will give   ( 0.56 g of Pb / 720 g of fuel), incorporating this, the 
total amount of lead for the four activities will be: (0.56/720) x 1482 = 1.15 g of Pb. 
Average emission rate  =  (1.15/214)g/s.  = 0.0054 g/s  ≈ 0.005 g/s 
Moorabbin airport is open 24 hours per day, 365 days a year. Flight schedules in winter on Monday 
to Friday are between 08:00 to 21:00 and on weekends between 08:00 to 20:00 or last light, 
whichever is sooner. During summer with daylight saving, the flying times during the week are 
extended to 22:00. The following modelling has assumed that aircraft are only operating between 
these times. 
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Table 5-4 Input for AERMOD modelling 
Input for AERMOD modelling UTM Universal Transverse Mercator 
Datum GDA 94: Geocentric Datum of Australia (1994) 
UTM Zone 55 South 
Latitude / Longitude 37.978175 0S / 145.09984 0E 
Radius for modelling  area 2 km 
Dispersion option Concentration 
Pollutant type Lead 
Average time option 1hr, 24hr, Period. 
Dispersion coefficient Rural 
Terrain height option Flat and Elevated 
Source type Point source 
X- Coordinate 332918.12 
Y-Coordinate 5794714.12 
Base elevation 12 m 
Release height 30 m 
Emission rate 0.005 g/s 
Gas exit temperature 750 K 
Stack inside diameter 0.2 m 
Gas exit velocity 0.637m/s 
Gas flow rate 0.02m3/s 
Terrain WebGis  : SRTM3 (Global – 90 m) 
Met data Australia Bureau of Meteorology (Hourly data 
BOM.SFC and BOM.PFL)) 
 
 
AERMOD has five pathways which data can be input to ( Figure 5-10 to 5-16), these  pathways are in 
the following sequence (U.S.EPA, 2004): 
• Control Pathway 
• Source Pathway 
• Receptor Pathway 
• Meteorology Pathway 
• Output Pathway 
The Control Pathway provides the entire control of the model to be run. It specifies how the 
emission will be measured whether as concentration, total deposition, dry or wet deposition. It also 
has information on time, area of measurement and terrain height. The Source Pathway gives 
information on the number of sources that were specified in the project, the type of pollutant, 
background concentration, how the emission is measured (hourly, daily, seasonal etc) and source 
base elevation. 
In the Receptor Pathway, information on receptor for a particular run is defined which can be in 
either Cartesian or polar grid receptor networks having a uniform or non-uniform grid spacing to the 
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 maximum defined by the number of gridded networks. The Meteorological Pathway defines the 
meteorological data to be used for a particular model run namely: Met input data window, Data 
period window, Wind speed categories window, Wind profile exponent’s window and Vertical 
temperature gradient window. For this project, the meteorological data that was used was the Met 
data window. The Output Pathway specifies the output options for the model run. There are many 
Output Pathways that are available and includes: Tabular output window, Threshold violation files 
window, Post-processing files window, Contour plot files window, TOXX input files window, Season 
by hour files window and Rank files window. This project used the Contour plot files window which 
represented the various concentrations in contour lines as shown below; at the right hand side is a 
column with different colours which shows the corresponding value of the concentrations obtained 
as shown in the contour from the minimum to the maximum.  
The following figures show the dispersion estimated for daily average number of single engine piston 
aircraft operating between the hours of 7 am to 8 pm on each of the sampling days. The red 
rectangle in each figure shows the position of the high volume sampler. 
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Figure 5-9 AERMOD modelling estimate (µg/m3) on 17/12/2014 
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Figure 5-10 AERMOD modelling estimate (µg/m3) on 23/12/2014 
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Figure 5-11 AERMOD modelling estimate (µg/m3) on 29/12/2014 
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Figure 5-12 AERMOD modelling estimate (µg/m3) on 4/1/2015 
 
 
 
 
51 
 
 
  
Figure 5-13 AERMOD modelling estimate (µg/m3) on 10/1/2015 
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Figure 5-14 AERMOD modelling estimate (µg/m3) on 16/1/2015 
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Figure 5-15 AERMOD modelling estimate (µg/m3) on 22/1/2015      
From Figures 5-10 to 5-16 above, different contours with colours and values that correspond with 
the bar at the right hand side represents different concentrations of lead (averaged over 24 hours) at 
different points within the modelling area at Moorabbin airport. These colours range from deep 
purple to light purple, green to light green and yellow to reddish brown. The lower bar represents 
the minimum concentration while the top bar represents the maximum concentration. These values 
are shown in Table 5-5.                                                                                                                   
AERMOD dispersion modelling (Figures 5-10 to 5-116) was based on an average number of single 
engine aircraft flying during daylight hours, while HYSPLIT dispersion modelling (Figures 5-2 to 5-9) 
was modelled for one plane taking off at 9 am.  It can be seen from the table below (Table 5-5) that 
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 in both cases, the maximum plume concentrations were within the boundary of the airport with 
AERMOD giving values slightly higher than HYSPLIT.  The higher value of the AERMOD modelling will 
likely be as a result of the way the dispersion was modelled.  HYSPLIT dispersion modelling was 
based on a single aircraft while AERMOD modelling was based on all the aircraft that operated on 
the modelling period.  There will also be differences due to the speed and direction of the wind on 
that day. 
Table 5-5 Summary table for AERMOD modelling estimate and HYSPLIT dispersion modelling 
Date AERMOD Estimate (24 hour average) 
(Concentration µg/m3) 
HYSPLIT Dispersion (single engine aircraft 
taking off at 9:00 am) 
(Concentration µg/m3) 
 Minimum Maximum Minimum Maximum 
17/12/2014 0.00038 0.038 4.5E-9 0.030 
23/12/2014 0.0002 0.152 4.7E-9 0.050 
29/12/2014 0.00067 0.067 4.1E-11 0.018 
4/1/2015 0.00022 0.022 1.1E-9 0.032 
10/1/2015 0.003 0.026 1.0E-9 0.060 
16/1/2015 0.0008 0.081 1.6E-9 0.019 
22/1/2015 0.00047 0.047 8.3E-9 0.14 
 
5.5 Wind Roses 
To run the wind rose, in order to generate the wind directions for the different sampling days,  the 
website (http://www.arl.noaa.gov/ready/HYSPLIT4.html) was opened, at the home page, Real-
time Environmental Application and Display system (READY) was selected, followed by archived 
meteorology then the latitude and longitude of Moorabbin Airport. The wind rose was computed 
using the GDAS (1 degree, 3 hour global) data set, the month/year/day of the wind rose which 
represents the period of the research was entered, followed by the starting time of the wind rose 
(provision was given to UTC timing) and then the wind rose duration from the  from the starting 
time. Since the sampling was done for 24 hours on sampling days, the default time of 24 hours was 
used. Figures 5-17 – 5-23, show the output from HYSPLIT. 
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Figure 5-16 Wind rose for Moorabbin Airport on 17/12/2014 
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Figure 5-17 Wind rose for Moorabbin Airport on 23/12/2014 
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Figure 5-18 Wind rose for Moorabbin Airport on 29/12/2014 
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Figure 5-19 Wind rose for Moorabbin Airport on 4/1/2015 
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Figure 5-20 Wind rose for Moorabbin Airport on 10/1/2015 
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Figure 5-21 Wind rose for Moorabbin Airport on 16/1/2015 
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Figure 5-22 Wind rose for Moorabbin Airport on 22/1/2015 
 
 
 
The wind roses show how the wind direction changed over each sampling day, which explains the 
differences in direction of the plumes predicted by HYSPLIT and AERMOD.                                                                                                                                             
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 Chapter 6 Data Presentation and Analysis 
Table 6-1 below shows the results obtained from the analysis of the exposed filters that were 
sampled at Moorabbin Airport, Footscray and Alphington. The results 1 and 2 are two different 
quarters of the same filter. 
The average lead concentration of the samples collected at Moorabbin Airport was 0.006 µg/ m3, 
which is six times higher than the average lead concentrations collected at Footscray (0.001 µg/ m3) 
and Alphington (0.001µg/ m3). 
The highest lead concentration for the sample collected at Moorabbin airport is approximately 
0.012µg/ m3, while that of Footscray and Alphington are 0.002 µg/ m3, and 0.001 µg/ m3 of air, 
respectively. This shows that the sample collected at Moorabbin airport is six and twelve times 
higher than the samples collected at Footscray and Alphington, respectively. 
The lowest lead concentration from the samples collected at Moorabbin Airport was 0.001 µg/ m3 
while that of Footscray and Alphington were 0.0000 µg/ m3and 0.0003 µg/ m3 of air, respectively. 
This shows that the lowest lead concentration at Moorabbin Airport was approximately three times 
higher than that of Footscray and Alphington. 
The ratio of lead mass to PM 10 mass varies significantly with changes in wind direction between the 
three monitoring stations namely Moorabbin Airport, Footscray and Alphington. The highest average 
value observed at Moorabbin Airport when the wind was predominantly from the north was eight 
times higher than the mass of Pb per mass of PM 10 at the other stations compared to when the 
wind was from the South. When the wind was predominantly from the north the sampling site at 
Moorabbin Airport was south of the runways and the sources of lead. The lead mass to PM10 at 
Footscray and Alphington was also higher with northerly winds but lower than that of Moorabbin. 
The data in Table 6.1 is shown for each station in Figures 6-1 to 6-3; it can be seen that lead 
concentrations at Moorabbin Airport, Footscray and Alphington did not exceed either NEPM or U.S 
EPA standard for lead of 0.15 µg/m3 and 0.5 µg/m3,   respectively. 
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Table 6-1 High Volume Sampling results 
Date Place [Pb] 
ICPMS 
µg/L 
[Pb] 
ICPMS 
µg/L 
corrected 
for the 
blank 
Volume 
of 
sampled 
air  (m3) 
[Pb] 
µg/m3 
average 
Mass of 
PM10 
(µg) 
Pb/PM10 
ng/µg 
Average 
wind-
direction 
17/12/14 Moorabbin 
1 18.51 16.07 1524.0 0.0042 29150 0.221 WSW 
 Moorabbin 
2 18.66 16.22 1524.0 0.0043 29150 0.223 WSW 
 Footscray 1 11.85 9.41 1519.6 0.0025 31450 0.120 WSW 
 Footscray 2 9.73 7.29 1519.6 0.0019 31450 0.093 WSW 
 Alphingon 1 6.06 3.62 1512.6 0.0010 28400 0.051 WSW 
 Alphingon 2 3.99 1.55 1512.6 0.0004 28400 0.022 WSW 
 blank 2.44 0      
         
23/12/14 Moorabbin 
1 45.87 43.61 1507.3 0.0116 27350 0.638 NNW 
 Moorabbin 
2 47.26 45 1507.3 0.0119 27350 0.658 NNW 
 Footscray 1 3.28 1.02 1494.9 0.0003 25500 0.016 NNW 
 Footscray 2 4.6 2.34 1494.9 0.0006 25500 0.037 NNW 
 Alphingon 1 5.93 3.67 1494.8 0.0010 23100 0.064 NNW 
 Alphingon 2 6.93 4.67 1494.8 0.0012 23100 0.081 NNW 
 blank 2.26 0      
         
29/12/14 Moorabbin 
1 8.71 7.56 1505.5 0.0020 24900 0.121 WNW 
 Moorabbin 
2 12.52 11.37 1505.5 0.0030 24900 0.183 WNW 
 Footscray 1 10.72 9.57 1496.2 0.0026 32950 0.116 WNW 
 Footscray 2 7.67 6.52 1496.2 0.0017 32950 0.079 WNW 
 Alphingon 1 3.76 2.61 1493.0 0.0007 23200 0.045 WNW 
 Alphingon 2 3.38 2.23 1493.0 0.0006 23200 0.038 WNW 
 blank 1.15 0      
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 Date 
Place 
[Pb] 
ICPMS 
µg/L 
[Pb] 
ICPMS 
µg/L 
corrected 
for the 
blank 
Volume 
of 
sampled 
air  (m3) 
[Pb] 
µg/m3  
Mass of 
PM10 
(µg) 
Pb/PM10 
ng/µg 
Wind-
direction 
4/1/15 Moorabbin 
1 4.31 2.97 1525.2 0.0008 23350 0.051 SSW 
 Moorabbin 
2 4.19 2.85 1525.2 0.0007 23350 0.049 SSW 
 Footscray 1 1.85 0.51 1515.6 0.00001 24500 0.008 SSW 
 Footscray 2 1.33 -0.01 1515.6 0.0000 24500 0.000 SSW 
 Alphingon 1 2.41 1.07 1510.3 0.0003 23250 0.018 SSW 
 Alphingon 2 2.47 1.13 1510.3 0.0003 23250 0.019 SSW 
 blank 1.34 0      
         
10/1/15 Moorabbin 
1 5.34 4.19 1528.3 0.0011 23400 0.072 SSW 
 Moorabbin 
2 6.16 5.01 1528.3 0.0013 23400 0.086 SSW 
 Footscray 1 7.6 6.45 1525.2 0.0017 20650 0.125 SSW 
 Footscray 2 7.16 6.01 1525.2 0.0016 20650 0.116 SSW 
 Alphingon 1 2.12 0.97 1522.4 0.0003 21050 0.018 SSW 
 Alphingon 2 1.76 0.61 1522.4 0.0002 21050 0.012 SSW 
 blank 1.15 0      
         
16/1/15 Moorabbin 
1 47.83 45.56 1508.3 0.0121 13500 1.350 NW 
 Moorabbin 
2 30.54 28.27 1508.3 0.0075 13500 0.838 NW 
 Footscray 1 5.31 3.04 1502.2 0.0008 17800 0.068 NW 
 Footscray 2 7.92 5.65 1502.2 0.0015 17800 0.127 NW 
 Alphingon 1 6.67 4.4 1496.9 0.0012 13600 0.129 NW 
 Alphingon 2 6.55 4.28 1496.9 0.0011 13600 0.126 NW 
 blank 2.27 0      
         
22/1/15 Moorabbin 
1 
25.41 23.06 1486.3 0.0062 33950 0.272 SSW 
 Moorabbin 
2 
18.4 16.05 1486.3 0.0043 33950 0.189 SSW 
 Footscray 1 15.19 12.84 1483.6 0.0036 39100 0.131 SSW 
 Footscray 2 10.18 7.83 1483.6 0.0021 39100 0.080 SSW 
 Alphingon 1 3.01 0.66 1471.5 0.0002 28900 0.009 SSW 
 Alphingon 2 4.1 1.75 1471.5 0.0005 28900 0.024 SSW 
 blank 2.35 0      
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 The numbers 1 and 2 for each sample refer to duplicate samples (2 different quarters from the filter). 
 
 
 
 
Figure 6-1 Moorabbin Airport sampling results  
 KEY  
    = First ¼ of filter digested 
    = Second ¼ of filter digested 
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Figure 6-2 Footscray sampling results 
KEY  
    = First ¼ of filter digested 
    = Second ¼ of filter digested 
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Figure 6-3 Alphington sampling results 
KEY  
    = First ¼ of filter digested 
    = Second ¼ of filter digested 
 
Table 6-2 Actual Hi Vol reading versus AERMOD predicted value 
Table 6-2: 
Correspondence 
table 
[Pb] Hi Vol Reading 
(µg/m3) 
 
AERMOD Estimate 
(µg/m3) 
Wind Direction 
17/12/2014 0.004 0.004 WSW 
23/12/2014 0.012 0.01 NNW 
29/12/2014 0.002 0.01 WNW 
4/1/2015 0.001 0.001 SSW 
10/1/2015 0.001 0.001 SSW 
16/1/2015 0.01 0.01 NW 
22/1/2015 0.005 0.005 SSW 
 
Table 6-2 shows the lead concentrations from the Hi Vol and the AERMOD Modelling estimate and a 
correspondence graph drawn using those concentration values shown in Figure 6-4. A linear graph was 
obtained with six points with an R value of 0.9791. The data from the 29/12/2014 are not included 
because there is a 10 fold difference in the lead concentration between the high volume and the 
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 AERMOD modelling. If the results from Hi Vol sampler had been higher than calculated, this could have 
been explained by its vicinity to the helicopter pad, which was not included in the calculations. However, 
the results for the Hi Volume sampler were lower, which might indicate an error in the digestion process 
or perhaps there were not as many aircraft flying that day as predicted.  
 
Figure 6-4 Hi vol reading versus AERMOD estimate at the sampling point 
 
6.1 Limitations 
The number of samples was limited which were as a result of the early termination of the project by the 
Management of Moorabbin Airport. As a result: 
• The sampling period was from 17/12/14 to 22/1/15 (one month and five days) rather than the 
average of 3-month rolling period that is recommended by U.S EPA and NEPM. (U.S EPA 2015; 
NEPM, 2014) 
•  The sampling was done only in one season, summer; there was no sampling during the winter 
season. 
6.2 Discussion of Results 
The lead concentrations which were obtained from the results of lead monitoring at Moorabbin Airport, 
Footscray and Alphington are similar to the results of studies conducted in the United States of America 
and Canada. From Table 6-1, the maximum lead concentration at Moorabbin Airport during the summer 
monitoring program was 0.012 µg/m3 and is 6 and 12 times higher than lead concentrations at Footscray 
(0.002 µg/m3) and Alphington (0.001 µg/m3). From studies conducted at Van Nuys airport, Los Angeles, 
USA the lead concentration was 0.03 µg/m3 and 4 times higher than the regional background level of 
0.008 µg/m3. At Destin airport, the lead concentrations were 0.004 µg/m3 in April, 2007 and 0.005 
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 µg/m3 in July, 2008 and the urban concentration of lead was 0.003 µg/m3 and 0.004 µg/m3, respectively 
(Tetra Tech, 2008).  At Chicago airport, the lead concentration was 0.03 µg/m3(Springfield, 2012) and at 
Santa Monica airport, it was 0.03 µg/m3 at a distance of 70 meters away from the runway during 
summer sampling (Carr et al., 2011). These values are all the range of values obtained in the current 
study. 
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 Chapter 7 Synthesis 
The concentration of lead has been drastically reduced in the last few decades mainly because of 
regulations that made it mandatory for lead to be removed in fuels that are used in trucks and cars. 
There are however other sources which emit lead into the air, such as avgas used in piston engine 
aircraft. In the USA, it is estimated that 50% of lead in air is from aviation (U.S.EPA, 2008 ).  Jet fuel that 
is used by commercial aircraft does not contain lead. 
In order to shield humans from adverse effects of high lead level in the air, the U.S. EPA  and the 
Commonwealth EPA (Australia) set a standard for the three month average concentration of lead in 
total suspended particle 0.15 µg/m3 and 0.5 µg/m3,  respectively ((Australian Government, 2014; 
U.S.EPA, 2015). This is designed to give protection, especially to children and pregnant mothers.  
The U.S. EPA requires monitoring equipment to be placed in the industrial facilities and airports with 
estimated emission of 550 kg and 1000 kg of lead per year, respectively (U.S.EPA, 2015). At this stage, 
based the analysis conducted in Chapter 5 using totally yearly fuel consumption, it does not appear that 
this level has been exceeded by Moorabbin Airport, but  if activity at the airport increases as planned, it 
is likely to do so. 
This study collected air samples at Moorabin Airport for lead analysis from 17th December 2014 to 22nd 
January 2015 and analysed it with air samples collected from two other monitoring sites of Victoria EPA 
at Hansen reserve in Footscray and Alphington. The sample analysis followed strictly the guidelines set 
by U.S EPA 40 eCFR (Appendix B to part 50 Appendix G)(U.S.EPA, 2011) and AS/NZS 3580.9.3:2015 and 
as 2800 (Australian/New Zealand Standards, 2015). The results of the analyses are shown in Table 6-1. 
The study was limited by the small number of samples collected so it did not satisfy the rolling three 
month average monitoring period as stipulated by the NEPM (Australian Government, 2014) and U.S 
EPA (U.S.EPA, 2015). 
HYSPLIT dispersion and AERMOD modelling was also run on the days that the high volume sampler was 
operated. 
On 17/12/2014, the wind rose (Figures 5-17) showed that the wind was predominantly west south 
westerly, starting with a speed of 4-6 m/s and decreasing to 1-3 m/s, the HYSPLIT modelling on this day 
showed that the minimum and maximum lead concentration was 4.5E-9 and 0.03 µg/m3, while the 
AERMOD modelling showed that the minimum and maximum lead concentrations are 3.8E-4 and 0.038  
µg/m3. The concentration of lead obtained from the analysis of the filter that was exposed using the 
high volume sampler was 0.0043 µg/m3.  
On 23/12/2014,the wind was predominantly north north westerly ( Figures 5-18) with a speed of 1-3 
m/s predominating. The HYSPLIT modelling showed a minimum and maximum lead concentrations of 
4.7E-9  and 0.050 µg/m3, respectively. The AERMOD modelling on this day gave minimum and maximum 
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 lead concentrations of 2.0E-4 and 0.152 µg/m3. The lead concentration from the high volume was 0.118 
µg/m3 which was the highest lead concentration observed during the sampling period. With the wind 
coming from the north west, the High volume sampler would have been impacted by emissions from a 
nearby helipad. 
On 29/12/2014, the wind rose (Figures 5-19) shows a west north westerly wind that has speed of 1-3m/s  
which increased to 4-6 m/s between 6 pm and 9pm. The lead concentrations from the HYSPLIT 
modelling were 4.1E-11 and 0.018 µg/m3, while the value that was obtained from AERMOD modelling 
was 6.7E-4 and 0.067 µg/m3. The lead concentration from the high volume was 0.0025 µg/m3. 
On 4/1/2015; the wind was south south westerly, with speeds of 1-3 m/s and 4-6 m/s at equal times 
(Figures 5-20). The lead concentrations from the HYSPLIT modelling on that day was 1.1E-9 and 0.032 
µg/m3 as minimum and maximum values, while AERMOD modelling gave a minimum and maximum 
concentration of 2.2E-4 and 0.22 µg/m3. The high volume gave a concentration of 0.0008 µg/m3 
On 10/1/2015, the wind rose (Figure 5-21) showed that the wind was south south westerly with a 
constant speed of 1-3 m/s. The minimum and maximum lead concentration from HYSPLIT modelling was 
1.0E-9 and 0.06 µg/m3, that of the AERMOD modelling was 0.003 and 0.026 µg/m3 respectively. The 
concentration of lead obtained from the high volume was 0.0012 µg/m3.  
On 16/1/2015, the wind was predominantly north westerly, starting with a speed of 4-6 m/s and 
reducing to 1-3 m/s at 3 am before increasing to 4-6 m/s at 12 noon (Figure 5-22). The minimum and 
maximum lead concentrations from HYSPLIT modelling were 8.3E-9 and 0.14 µg/m3, while that from 
AERMOD reading was 4.7E-4 and 0.047 µg/m3, respectively. The value of lead concentration from the 
high volume reading was 0.0098 µg/m3. The higher lead concentration recorded by the high volume 
sampler can also be attributed to the wind direction on that day which was from the north. 
On 22/1/2015, the wind rose shows that the wind was predominantly south south westerly (Figure 5-
23). The minimum and maximum lead concentrations from HYSPLIT modelling were 1.1E-9 and 0.032 
µg/m3, while the value from AERMOD modelling was 2.2E-4 and 0.022 µg/m3 respectively. The 
concentration of lead from high volume was 0.0053 µg/m3.   
Lead concentrations from the modelling outputs are shown in the Table 5-5, while Table 6-2 shows the 
lead concentration from the high volume sampler. From the analysis above, the value obtained from 
lead concentrations from HYSPLIT and AERMOD modelling as well as the high volume are within the 
same range, although the maximum values from AERMOD modelling are slightly higher than the HYSPLIT 
due to the reason that the HYSPLIT modelling was done on a single aircraft while AERMOD modelling 
was done for all aircraft that operated within the modelling time.  The high volume sampler was 
generally lower than the maximum predicted by AERMOD because it was usually outside the main 
plume area on the days of sampling. Nevertheless, the values calculated by AERMOD for the position of 
the Hi Vol sampler were very close as shown in Figure 6-4 
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 Lead concentration and distribution in particulates as well as the total concentration of suspended 
particulate in air have been considered and analyzed in this study and several conclusions have been 
reached as listed below and summarised in Table 7-1. 
1.  The average lead concentration at Moorabbin Airport was four times higher than that of 
Footscray and Alphington; the reason for this is likely to be the presence of piston engine 
aircraft that still use leaded aviation gas. 
2. The highest lead concentration at Moorabbin Airport was  0.012 µg/ m3   and is less than the EPA 
permissible level of lead in ambient air of 0.15 µg/ m3of air and NEPM (Australia) permissible 
lead in air standard of 0.50 µg/ m3 of air averaged over one year. 
3. The average mass of particulates collected at Footscray (18.24 µg/ m3) was marginally higher 
than the average mass of particulate collected at Moorabbin airport(16.60 µg/ m3) and 
Alphington( 15.39 µg/ m3). 
4. On average, the ratio of mass of lead to mass of PM10 for the samples collected at Moorabbin 
airport was more than three times higher than that of Footscray and Alphington, indicative of a 
contribution of the combustion of leaded fuel to the particulate load. 
5.  Six out of seven concentrations results from the Hi Vol sampling are very close to the AERMOD 
modelling estimate for the sampling point.  
6. Lead concentrations at the site at Moorabbin were significantly higher with northerly winds than 
they were in south-south winds. In this situation, the sampler was downwind of the runway. 
 Table 7-1 Summary of lead concentrations for each sampling site 
 
Location 
Lead Concentrations (µg/ m3) 
Highest Lowest Average Ratio of lead mass 
to PM10 (highest) 
Moorabbin 0.0118 0.0001 0.0060 1.1 
Footscray 0.0022 0.0000 0.0011 0.12 
Alphington 0.0012 0.0003 0.0008 0.13 
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 Chapter 8 Conclusions and Recommendation 
There were the two NULL hypotheses proposed at the beginning of this thesis: 
 HO1: There is no relationship between aviation fuel used by fixed wing aircraft and helicopters with 
lead levels in the local airshed of Moorabbin Airport. 
HO2:  The concentration of lead in the environment does not depend on the wind direction from the 
source of lead emission. 
While there was insufficient data collected to provide a statistically robust conclusion, it seems likely 
from the evidence presented and summarised below, that both null hypotheses are incorrect.  
The first objective of this study was to measure the concentration of lead in the air in the PM10 fraction 
at Moorabbin Airport and two control sites (Footscray and Alphington). While only 7 sampling days were 
possible, the concentrations obtained for Moorabbin Airport were higher on most days than those at 
Footscray and Alphington. The difference was greater on the two days when the wind was blowing from 
the runway towards the high volume sampler (wind from the north or north west). 
The second objective was to compare the concentration of lead on the suspended particulate matter 
(PM10) at the three sampling sites. Again, the concentration was generally higher at Moorabbin Airport, 
with highest concentrations occurring when the wind blew from the runways towards the sampler. This 
is indicative of fine particulates of lead from the combustion of leaded fuel. 
The third objective was to determine if the concentration of lead emitted at Moorabbin was above the 
investigation level of 1000 kg of lead per year as specified by the US EPA and Australia’s NEPM for lead 
in air. At this stage it appears that the amount emitted is under that investigation level, but if the 
projected forecast of 500,000 aircraft movements by 2035 is reached, that limit will be exceeded, if the 
aircraft are still using leaded fuel. 
The fourth objective was to investigate the likely dispersion of the aircraft emissions. It appears that 
most of the emissions on the sampling days headed to the north of the airport, with some heading to 
the west.  
While there was a measurable difference in the amount of lead in the air at Moorabbin and the two 
control sites, the actual concentrations were well below the NEPM guideline of 0.500 µg/m3 and less 
than the USEPA guideline of 0.150 µg/m3 by nearly a factor of 10.  
It should also be noted that the High Volume sampler was placed close to the runways where it is 
expected that lead levels might be elevated. AERMOD modelling showed that by the time the aircraft 
plumes reach the residential areas, the concentrations would be essentially background levels of 1-5 
ng/m3.  
74 
 
 
 Based on these results (albeit from a small number of samples), it is likely that lead in air in the 
residential areas close to Moorabbin Airport is no greater than the rest of Melbourne. However, given 
that even very low levels of lead are implicated in a range of health problems, it is highly recommended 
that the aviation industry start using alternative fuels to leaded aviation fuel, particularly if the 
Moorabbin Airport Corporation expands at the rate implied in their 2015 manifesto. 
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